
ED 248:133

TITLE '

.:
.

r-

,..-1NATITUTION

.'SPONS AGENCY .

REPORT
$UB DAIE.
CONTRACT,
NOTE
AVAILABLE FROM

40.PUB TYPE

EDRS PLt.I CE
DESCRIPTORS

I

I

IDENTIFIERS

ABSTRACT 4*
.

, The Institutional Conservation Program (ICP) is a
voluntary gyant program designed to kelp such non-profit institutions
as schools, hospitalswlocal governments; and public care facilities
save energy' and reduce anticipated edergp-related costg..Another
primary ICP goal is to conserve oil, thereby reducing the.nation's
dependence. on iMported fueli. Sedondary ICP 4oais include fobtering $ .

energy conservation awareness, advancing 'energy conservation science.
.

- by expanding its fechAical base of knowledge and the expertise of its
specialists, andimproving the technical dappcity for managing energy
use in, institutional buildingg. An evaluation was co ducted to 5

de
determine,1,(1) how well the ICP has been administer ; (2) if the ICP
has achieved itn ptimaiy goals; and 43) what mon ry goeZk have ..
been at$afned. Thi report, on the ICP evaluation includes an
executive suftart, intrpOuctory/baekground information, a description,
of themethodology and procedures used in thee evaluation, and
eva illuaton conclusions and findings obtained by means of site visit

.

obVervationd and dicta analyses. Appehdices contain details on ICP :

tory, additional. information about the evaluation. and0
*

the survey instruments used, and an explanation of'the assumptions
underlying the analysis. In general, ICP was found to%ba a 'valuable.
.and well.runiprogram that has beenlajchieyinTits primary goals of
helping institutiing save energy, awney, 'andioeil. (JM)v,
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.DISCLAIMER .
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,States Goer ronwrit. Neither he United States (,,,ivernment nor any agency thereof. nor any
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responsibility for the accuracy. completeness. or usefulness 1st any Humiliation. apparatus.
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name, frademark. matufacturer, of otherwise. clod not necessarily constitute or imply its
endorsement. recommendanpn, or favoring by tin' United States Government or any agency
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reflect those of.the United States Government or any agency thereof
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EXECUTIVE SUMMARY

THE INSTI IONAL CONSERVATION PROGRAM: ITS PURPOSE AND GOALS

The Institutional Conservation trogr:am (I.CP). is a voluntary grant program to
help nonprofit insti lions--schOols, hospitals, local' governments, and public
care facilities--sa e energy.\ "For profit" institutions, unaccredited.
schools, buildings do strutted after 1977, and special purpose units of local.
government are not e igible. to participate in the 1CP. Authorized by 'the
National Energy .Conservationf Policy Act of. 1 78 (NECPA) ,and administered by
the Department -of Energy throug.fState Energy.Affices (SE0s), the ICP provides
energy audits -and grants for detailed energy analyses and for installation of
energy-savings capital improvements to eligible institutions. Participation
in the grant phase of the program requiret a 50% match of funds from recipiegt
institutions (except in hardship cases). Four funding .cycleq have been
conducted between fiscal years 1979 iand'19432. More than $388 million has been
distributed. to institutions to help finance conservation improveinents; these
funds cohered 15,130 buildingi through6,270 grants.

Energy costs constitute s4gnificant portions' of these institutions' operating
budgets. Accordingly, lc!, assistance provides an impetus to nonprofit
institutions to take steps to- conserve energy. Unlike businesses or
residential consumers, these institutions pay no taxes and are thus) inel igible
to apply for conservation tax credits. In addition, many nonpr fit
institutions have difficulty fiin'ancing capital improvements because they ave
limited capital btxtgets-, uncertain income, and limited borrowing Capacitie

as:

Je.

The ICP established two primary goals and predicted that their achievement- and,
the concomitant publicity afforded the Program would result in the attainment''
of other, secondary goaTs. The Program's primary goals were:

To help participating institutions save energy 'and reduce
anticipated energy-related costs, and

. To tonserve oil and thereby reduce the nation's dependence
on imported fuels.

.Examples of secehdary goals arising frr these were:

, The fostering, of energy- conservation awareness, a nd 'the
stabulation of energy-saving activitfet on a ,national scale;

The . advancement of energy-co rtiervation science by expanding
its technical base of knowlddge and the expertise of its
spec fal ists; "and

0, .

M improved technical capacity for managing energy use in
institutional- buildings.

Has the ICP been successful in achieving its goals? The Department of Energy
undertook an evaluation ore portion of the Prq5ram to determine the extent to
which these goals have been'realized.

vi 9
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AN EVALUATION OF DE ICP

Background, 1'

In October 1'81, :the U.S. Department of Energy (OW, contracted with Oppoetu-
- nity Systems, Inc. (OSI) and The Synectics Group, Inc. (TSG) to evaljiate

Cycles I and II of the ICP. TSG's evaluation- -the subject 'of this
report--focused on site, visits to institutions that had completed
energy-sitv ing capital improvements before September. 30, 1981 and to a small
sample f. institutior that had undertaken energy audits but -.no capital
improvements. On thlse basis of analyses of institutional records, on-site
assessmeots, and interviews with Stale and institution a4inistrators,- TSG
evaluated the implementation of the program and the imOrts. of the ICP.and
estimated the energy savings achieved by prticipating institutions in its
sample.

Evaluation Methodology

.. 1

/

Working closely with DOE, OSI and TSG designed and implemented the following
methodology for evaluating the program. Th1s description is extremely brief:
the )eport contains methodological details.

a Selection of a-sample of 10 States and within. those States
selection of a sample of institutions participating in
Program Cycles I and

.
Review of grant applications for technical assistance and

fe
energy -sal ing capital improveMents.

Selection of program- related data from interviews with
personnel in SEOs and DOE Regional Offices, .telephone
interviews with ICP participants; and site visits to a

.samp.le of -institutions.

Syn4 thesis and, analysis of the various data collected.

a Q loilnent of findings and conclusions' about achievement of
I P goals.-

TSG took responsibility for the site-visit component of4the evaluation, chile
OSI--via telephone interviews--pursued evaluation data on institutions that
undertook energy audits only (telephdne interviews were conducted at 232

institutions in four states:. Missouri, Florida, -Utatr, and Rhode Island). The

results of OSI's investigation are prlbsented in a separate docunent.

; Site visits were conducted at 1 :+; buildings in the 10-State sample. The site
visit simtey designwas completed in a scientific manner to allow appropriate
statistical analyses and projection of results to the national population- of

,,Cycle I and II ECM grantees vho had completed their grant-funded capital
improvement .projects before September 30,-1981- (1,012 grantees).

-

I)
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The findings and conclusions for M grantees presented in this Executive
r Summary and in the attach re rt are :based on' that mitVerse of 1,012

instttJtions. Results from.energy-audit-only site visits were not designed to

be projected nationally, and so are presented only as descriptive findings;

A BRIEF DESCRIPTION PROGRAM ADMINISTRATION.

The ICP is admins4ter by DOE through the States. In order to qualify for
funding, the States had to prepare State plans ttmt were approved by the
Department. States had some latitude fR how they -klmini§tered,the Program,
but final selection of grants was maq by DOE on the basis of State
recommendations- /

The ICP has been conducted in four phases:

atk

1. Preliminar Eners .dit$ PE s which rovideddecriptive
)pro i es o ui sing c ara T i

2.. Ener9y Audits (EAs), which described the energy-use
situation .in a -building, prescribed norcost/low-cost
conservation measures, and assessed whether the institution
Would benefit from a more extensive .engineering analysiS

(see 3, below'. ,

Te nical Assistance Anal ses TAs , conducted by licensed
sional.s ,(as specified in

State Plans),.. r commended further low-cost. measures, if

appropriate, and lidentified potential energy conservation
measures (see 4, below) for the building.

4. Energy Conservation Measures (ECMs), which involved building
modiTiat,ions for intta i ration *of capital: intensive

improvements for the purpose of energy conservation'.

PEAs and.EAs were fund&Cby the ICP. either with direct financial. support or by
'Oroviding a DOE- trained auditor tQ the institution. ,TAs -and ECMs were

supported by'DOE gradts. Institutiohs had to particiO in each of these
phases sequentially (or complete a non-ICP equivalent in order to 'be eligible

for thp next phase.' Throughout the repOrt the term 'ECM grantee" 'is. uses to
refer' to an institution that ha&tompleted a capital improvement (ECM) by fall ,

Of 1981.

Findings and conclusions about Prog am administratibn are presented in the
following sections. Although admin,strative procedures may have.an influence
on Program performance, thy natueb' of the site visit sample does not alqw the
correlation of energy savings with program adminfstration. .

.
, j

. /

- .
a'

,
,
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HAS THE ICP ACHIEVED ITS WARY GOALS?

They ICP:Helped Participating Institutions Save Substantial

. Amounts of energy and Reduce Their. Energy BilTs.

EA Institutions Saved Limited Amounts of Energy

Although the site visit e\i`luation did 7not look at EAs on a national scale,

selected EA sites that were visited saved 6,620 million BTUs or .0.4% of their

--Ire-ICP consumption. Since the EA lite visit sample represents less than .1:34%

of ,the ,total number pf institutions that participated in the EAphase, it is

likely that total BTU savings by all EA participants is substantial . However,

site visit results suggest that potential savings were somewhat less than

projected for the following reasons. Audits often were viewed as a one time

commitment of ,efjort and ongoing energy; programs were not established. In'

addftion, many local governments' conducted EAs, at all buildings in their

jurisdiction even if they were unoccupied or used . very 1 ittle energy.

. Furthermore, in some cases prOg ram' administrator did not review the EA

reports or realize they included specific 0 &M (operating and maintenance)

recommendations. Therefore,, savings may have been improved if more thought

had been_ given to the sites chosen for audit and if 0&M techniques had been

:r emphasiemphasized.
*

'

ECM Grantees Saved Energy and Money,

and Projects Paid _Back Quickly
**

ECM grantees as ,a-. group Saved an average' of 13.2% of, theit pre-ICP.

consumption. This 'represented a reduction in annual usage of an estimated.

5.17 trillion ells. ' To achteaoe those. savings ECM grantees invested

.
approximately $71 mill ion in energy conservation improvements, 50% of which

p.)

'were Federal grant funds -.0n the basis of a 11)-year ECM life, the cost of
one million BTU was $1.,37; the equivalent cost of the Federal

contriDution was $0.68 r mill ion BTUs i r- Not only were ECM- projects found to

5.
be co.st-effecti , but they sal.so paid back more quickly than projections

indicated. Payb ks averaged less than. two years, compared. to' more than four

years as predict in ECM ,appl ications . .

It Zbuld be pointed out that specific savings accruing to a particular ECM in

a Ativen building cannot be ascertained. During the period over which .energy

.Savings .of ECM grantees were calculated; institutions took other actions which

contributed to the energy reductions . achieved. Without additional appropriate

instrumentation in gr4tee buildings it was impossible to separate out the

savings from ICP-funded projects from the total savings of all conservation

activities conducted there. '. .

f ,
. . , (..:, ;

Y
.

.

A *ECM grantees is defined as Cycle, I and II granten, whose ECMsvgr,F completed

as of September 30, 1981. ,

** ". . ., . .
, I

Based on statistical precision tests, the 90%,confidence limits range from I
9.3% to 17.1%.

..
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Schocils and Hosp itals Showed Differences An Energy. Performance

r.

at 5-`.

7

a

An ex4ination of energy savings ofICK grantees. by.institutIon type 'reveals-
;,that hospitals saveean liferage 0:06,360° BTU' per square foot; compared to
23:560 BTU per square foot'llor schools. Yet., schools saved'approxtmately
21.6% of their pre-ICO,energy consumption, while hospitals saved an estimated

8.3%*: -In terms of cost - effectiveness, Imme;rer, school," and hospitals wene
fairly, evep,-Spending $14.45 and V12,50 respectively in.ECM costs per'million
'BTU saved. These findings result from ttle' fact that hospitals are mor.energy
intensive than schools, and their energy usage is more.dynamic. in many
cases,%hospitals-are expanding* or facing. increased lent loads. They 'are
continually adding medical equipment .that consum4f-le'rge-amounts, of. energy'
le.g., X-ray and laboratory equ'ipment); and they. have strict requirem nts for'

)41.1pclimate control. (e.g., operating rooms, computer. centers, die stir
equipment) in order to carry out their prime mission of'providing heal h care. ',

Therefore, although hospitals may seek to reduce operating costs, energy
conservation may not be considered as important an objective as, for example;s
patientmcanfort, the addition of new services, security,- or convenience By

contrast, energy Consumption. and costs are more visible An schools and in.
school budgets,. and are more easily controlled by administrators.' In

addition, energy consunpti,on usually accounts for larger percentage of
school budgets;10d is gerally easier to institute conservation measures
in.sc oos than i n hospitals. .

,

Cirta ctors Can Override. Attempts at Energy ConservOtion
. e' .

After the initial fieldwork period, selectedofollowup site visits to ECM
gicantees that experienced appOent hcreases in energy consumption since
Participating in the 'ICP revealed a number of actors that help account for
these increases. First comps fae011iti s ,(e.g,, hospitals1 tend

Mcdntinuously to O 'mission-oriefeed, energy-consuming equipment without
maiVining records; this constantly shifting 'energy .consumption makes it

trpossitile to. evaluate ECMs on the basis of total building. energy consumptiOn.
Seconti, in most cases, individual metering' or .instrumentation was. not
installed at these facilities sq. that ECM performance coold be measured.,
Finally, it was seenthat z lack of an effettive .energy conservation program
directed from the highest _management level of an organization can fail to
provide the number and type of personnel .needed to. achf4Ve energy-saving
preventive maintenance, equipment fine-tun'ing, and energy saving hardware
experimentation. The findings of this follow-up' analysis confirm the
observations and-findingt (described below) made to the basic evaluation.

4

.
, .

. ..
. .

*(p405) - Based ontIstat,istical 'significance tests -, p<.D5, indicates a.
significant difference between the two percentages.

,_ 4=6

a
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ECM grantees Maae Dramatic Reductions ,In Their Use Of Oil
,

1

The.1CP's-
.

ranking criteria for ECM applicatiops-was designed to give priority

to ,
those measures projected to save the greatest amounts ',of oil, and the.

Program's .oil-saving goal appear to have been realized: Grantees eeduced

their otl usage an estimated 11.77 trillion .BTUs .annually or 2,25 million

barrels of oil eq ivalent. A portion of this savings was due to the fact that

a laege number of boilers were converted fwom pil to natural .gai. . v.
g

These Conversions resulted in increased natural gas. -consumption 'of 8.78

trillion BTUs. How*vec, even when this increase is factored into the oft use,

reductioW"so., net 'annual BTU savings of 7.99..trialion BTUs was achieved.

Combined savings of electricity, liquified petrolen, gas., coal, and purchased

steam totaled 2.18 trillion BTUs. .

entain Factors Maximized the
a

of-a
-II

,. .. . .

Thy, KW definitely resulted in energy, oil, and dollar savings, but, some

institution personnel--either through good fortune; dedication, pr interested

analysis-cused ICP -funds in a particularly cost-effective way to, maximize

- savings. Those institutions that made the best use of iligent energy

managers., undertook atourate and Ouilding-specific ener analyses and

Installed appropriats ECM1, persevered in the conduct of operating and

maintenance techniques, and monitored energy usage showed overall greater

savings. Findings relating to the4e'factors.are discussed below.

O

ea
0

,... .,
4 4. , 1 *

Commitment-of Oersonnel Maximiies Savtgs
.. '

..

.,

While. investments in iner y-conserving hardware save energy, th.e iCP

experience suggests that the commitment of personnel, particularly icstitution

managers, is.criticarto mIximiting energy savings. Throughout the Naluaticin

it was seed that energy performance was related to the level of commitment of

thee designated energy manmer. During the. fieldislvey, managers were rated

excellent, good, fair; or or in ten of tWevoverall'involvement/in energy

managemint. Institutions rated excellent in tflis'aree-,experienced average

savings of 19.8t, compared ,to 9% for otheeinstttutions (p<.05) . This is a

strong indication that adminUtratok who exercise leadership and are involved

directlx in conservation consOtute,an'imPortant element of successful enerpy

prograMs. Furthermore, the ,pesition of the ener3i, manager within the
\ institution's organizational .structure-,can'have an pl t on energy savings.

\When managers had daily contact with buildings' oPerating.personnel,"higher
savings generally were achieved. .0

p %

. , ,

,

;

,Thorougp Analysis qf Ed*igg COhservation. Needs ..
,

And Appropridte SeTectiOn Of Capital Improvements
.

Are Critical To SucceAsfUl Energy Conservation Program,. ...

k w,

- .
t.

, %R. t'ft. i.
1

During site visits it was determined that the'qOality'and.use,of energy auts

sand TA analyses varied among institutions. Primaeily, analyses often were not

building specific. One common pattern observed,w4sthat autilors tended to

recommend the same O &Ms and ECOs'for'all butldings. The ov?rall res alt vas
...
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that"mAereas-recommendations were successful in some of the buildings, the
same recdmitendations resulted in lower savings at dther buildings.'

Secondly,,EAs cten did not serve as educational tools for' institutions. Many
respondents were unfamiliar with Apecific EA recommendations and potential
energy savings were not realized Furtkermore, on- its own, the 6A did not
guarantee the implementation of.O&Ms, as evidenced by the finding that 41% .of
ECM grantees did not maintain their O&Ms Where long-term O&M' efforts exist
it tends to be due to the presence of an affective ehergy.Kanager.

TA reports often did tot provide the technical, ceettils for a
comprehensive -energy conservation program. For exaMO.e, onf-42.%_bf the TAs
reviewed recamnemded a full range of possible ECMs, and only 39% of them
recommended Opi activities beyond those in the EA. This findinig was further.
supported by" he observation that TA'analysts often did not coordinatest
efforts with institution staff. For such -cases, energy savings were reds ed .

by as much as 8 percentage pants compared to other grantees.

1) modifications
windows, doors,
(e.g., boilers,
incandescent to

installation of
Improvements to

unde ken.

ECM grantees made. four types. of conservation improvements: (

' to the builaingL envelope (

P
g.,, structural modifications to

?.roofs and wall.$);. (2) i ovenents to mechanical systems
,oumps, HVAC systeas); (3 changes (e.g., conversion from
fluorescpnt lighting) or 'reductions in lighting; and (4)

special systems (e.g., solar.or alternative energy systems).
mechanical' systems tended to be the most common types of pis

. ( .

Several factors affected institutions' decisions about"' which ECMs,acibinstall.
In' addition to cost effectiveness, ECM selection was influenced by the

availability of matching funds, the degree to which the building's normal
operating schedule would be disrupted by the ECM installation process, the
degree to which the ECM might be affected by the institution's ongoing repair
and maintenance schedule, and the degree to which the institution planned to
install the ECM with its oWn funds.

I

Effective and Continued Operations and Mainteriante
Programs Incriated Energy Savings

/

Field survey teams observed that several ECMgrantees were not maintiining the.
O&M measures ecommepded in their energy, audits. This gr(oup saved an average
of 1.2% comp/teed to an average' of 15.6% savings experigiced by grantees
observed' to be keeping up with the 0&M measures recommended in 'their audits
(p<.05). Institutions observed to be maintaining O&M measures beyond those
resulting from the energy audit experienped415.9%.average savings, compargiff'to
an average savings of 7.7% for those who did not pursuet&Ift. beyond the energy
audit (p.05). This finding is further supported by the energy savings awl
cost effectiveness of schools and hospitals when examined independently.

4

Mpnitoring and Metering Increased Energy Savings.

Although the EA, 'TA, and ECMs were intended collettivety to facilitate reduc-
tions in energy consumption, very few institutoinns were found to have the
administrative or mechanical capacity for systematically monitoring and

.151-
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controlling the major factors that miy Tausehigh consumption. In the cases

where monthly, seasonal, or- -more. often --annual monitering of consumption is

performed, tbere dies not seem to be an effective application of the resulting

knowledge for the' purpose of reducing energy consumption. Whereas 47 percent

of the ECM sites rported same type of monitoringactivities, only 18 plrcent

actually metered energy performance. In 'other words, it is doubtful that

timely investigation and correction of inefficieft hardware operation respits

from .the.monitoring activities.
0

W :L-
The ECM grantees that maintained records of energy use and used those records,

to measure energy performance expdriencedWigher/levels of energy say.ings than;

those that did not monitor. Data analysiVshows that grantees*caducting
monitoring saved an average, of 11.9% as opposed to 7.5% for those that did not

monitor (p<.05).

446

.WHAT SECONDARY GOALS WERE ATTAINED.

The ICP StimulatedlEnergy-Saving Activities,)

4

Spienty-two percent of the ECM grantees reported that they would not have

undertaken their ECAN rojectsz%dthin 5 years ,without ICP-funding. *this

information indicates hat the Pv'ogram played a dominant role in the tsavings

that were achieved.

Beyond the actual energy savings ,achieyed, it appears that the, ICP has

increased the awareness and interest of administrators in energy conservation.

For example, 53% of ECM grantees reported that'they.had no energy conservation

program' prior td" ICP. How,66., since participating in the OAP', 45% of the

`grantees had implemented ndh-ICP funded projects and 65% had specific' - energy

'conservation projects planned for the ftiture. Fifty-four percent of the EcM

grantees showed evidence of energy conservation awareness in the form of

reminder signs and posters throughout their buildings. t

Interest And Expertise In Energy t 4'

Conservation Has Grown Considerably
z

.
4440% .

-- .

..SEU personnel reportbd that the benefits of the 46 extended.beyond 'actual

' fuel savings for participating institutions and included. intreased training

and support of -energy conservation specialists (engineers, auditors, and

7monitors), .and generation of hasicadita base n building profiles'and.energy

f

consumption.on a State-by-State basis. '14
irdek

L

In addition, several States have initiated energy conservation prograhs A a

result of the ICP. Although designed around the ICP, these State prograps may

include alternative funding mechanisms such as low- interest loans revolving

loans, and shired savings, as well- as direct grants to institutions. 5E0

'staff pttribilte to PCP an increased interest in the potential for energy

'saving4 in non-eligible facilities.-
4
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.WHAT WAS LEARNED ABOUT 160641 Al MINISTRATION?
) )

/ /

Interviews with person 40 lin the SEOs and witVI_staff at pariitipating
institutions provided that egtra dimension--ofAnobiledge about implementation
so' valuable to any Federally administered program. The States varied

considerib4 in their administration of the ICP--nothbly in the areas of
methods for procuring -matching fund% collecting -baseline data on eligible
participants, reviewing applications, developing 'energy Wudits, and conducting

1

auditor andanalyst.O.aining--and thete variations Complicated the evaluation
effqrt. . A synthesis of.the information gathered about Program administration
,can be.sunmarized in the follows g general findings:

.
e

O

.
.

4 *,
p

.

..

e
The ICP Was Well Received and Attracted

.

.

Widespread ParticipaCon by Institutions.
.

d

Throughout the administrative process interviews; jgo officials stater) time
and again that the ICP was one of the best run and mpst useful' programs of its
type During Cycles I and II more than 0,000 EAs were conducted nationwide.
In e 10 sample states EAs of 27,004 buildingsor 15% of eligible institution
bui dings were completed. About 5.300 TA grants covering 14,0 buildings and

. 2 3 ECM grants covering. nearly 6,800 .buildings ,were awarded ationally: In
the 10-State vample 77, ECM grants cover eg 4,642 buildi gs were made.
However, there 'were gore than twice as ma ECM applicatio s as could be
funded. Reasons,cited by SE0 personnel for high participation ate& included

mandatory participktion by State Departments of eduratilp. and widespread

publicity and Program monitoring.

.
Barriers to bpplement#tion Were Rewalid.

SEll staff also cited several factors that they perceived as barriers to
participation by institutions. The four major ones were:

f

s excessive paperwork;

s fear of Federal or State intrusion into operations;

s lack of funds to meet the Program's 50% match requirement,
and

s lack of financial incentives for local government and public
care facilities.

) . t
These factors were confiried as barriers in conversations with institution
personnel- .

. .
'SEO personnel identified several concerns with Program tnplementation, such as

th# inherent restrictiveness of all Federal pOogram regulations., administra-
tive inconsistencies in *review procedures, recurring changes in Program
funding levels and regulations, and the often limited size of their own
staffs. These concerns were viewed largely as administrative deta411, and SEO.
personnel maintained that they had no. substantial impact upon Program results.

I

xiv
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' OVERVIEW

In Oc tober '1 981,' the U.S. Department of Energy (DOE) contracted with.

Opportun4ty Systems, Inc. (OSI)' and Sy.nictics Group, Inc. (TSG) to

"evaluate Cycles I and II of the Institutional Conservation Program 4ICP). The

Program ;prov ides assistance and matching'' funds to help four types of

'non-profit institutions, reduce their energy coligapption. On, the basis of
analyses of institutional records,' on-Site assetilkents, and interviews with

State and institution achninistrators, evaluators assessed the implementation

of the Program, tbe impacts of the ICP and estimated the energy savings

participatkg institutions' achieved, using data collected from Cycles I and II.

Participant. This' report presents the finditogs and conclusions of the ICP

evaluation.

94

*1.. I1 TRO1VlCTION

. \

THVINSTITUTIOWAL cONSERVATION PROGRAM

The Institutional . Conservation Program (ICP) is a v6luntpry grant program to

assist nonprofit institutionsschools, hospitals, local governments, and

public care faatlities--save energy. For profit' institutions, unaccredited

schools, buildings constructed after l977, and special-purpose units of local
government are not eligible to participate in- the ICP. Authorized by the

National Energy Conservation Policy kt:of 1978 (NECPA) and ackninistered by

DOE through. State Energy" Offices (SEOs) the ICP provides energy audits and

grants for detailed energy analyses (technical assistance)' and for
installation of energy savings dapital improvements to eligible institutions.
Participation in thg grant phase of the .program generally reduires a 50% 'Watch

of funds from reciplent institutions. The 'initial- authorization for the ICP

was Va65 million, althoUgh funds appropriated by Congress have been

substantially less. 4

Non-profit institutions use signifiAgt amounts' of energy, Mid theSe

costs 'represent. large proportions of thetr operatiry. budgets.,.Thereforee the

ICP was intended to provide incentives to nonprofit institutiops)to take steps
to conserve energy. Unlike businesses or residential co sumers, these

institutions pay no taxed, and are thus it el lull:0e to apply for _the-

conservation tax Ft-edits. In addition,' many nonprofitz stitutions have
difficulty financing capital improvements (because they have mited capital

budgets, uncertain income aryl limitedibOrrowing capacitiies.

vow

10
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While the primary goals of the ICeare sae energy and reduce dependence on
imported fuels, additional benefits are expected, namely: reduced, energy costsfor participating institutions, an improved technical capacity for managing
energy boe in institutional buildings, and an enhanced level of expertise
regarding energy corservation among professionals. in related indtstriks.

The ICP is administered by DOE through. the 50' States, the District of-
Columbia; Puerto Rico, Guam, the Virgin Islands, and Anerican Samoa. In order

$ to qUalify for funding, States had to prepare State plans which wervapproved
by DOE.' States had latitude, in .how they administered ICP, but final selection
for ,grants was made by DOE- based cm fate. recomnemiations. Nevada was theonly State that elected not' to participate in the first two cycles of the
Program. .

As required by. Program regulation's, the ICP has been conducted' in four phases:(1) preliminary energy audits (PEAs), (2) energy audits (EAs)..,..(3) technkal
assistance analyses (TAs). and (4) energy conservation measurei(EeMiy.---
Funding was made available, 1,,or activities in all four phases. Institutionshad to participate in each er the phasev-sequent*ially in order to be eligibleto participate in succeeding !eases.

Phase 1: PEAs - -T preliminary energy audit phite involved
information-gathering that determined the size, functibnal
use, and energy consumption charatteristics of eligible
buildings. Eligible institutions completed general energy
profile..survey forms.

Phase 2: EAs--Energy audits involved more detailed
information gathering on energy consumption characteristics.
They also identified low-cost/no4cost energy-conserving
opepating ar mai'ntenan'ce procedures (GMs) and assessed
whether the institutions would benefit from technical
assistance grants. PEAs and EA.7rwere funded by the program
either with direct financial support . or by -providing a
SEO-trained auditor to 'the institution.

I

Phase 3: TAs--The detailed technical assiitance (TA)
aniTysis

s

which examines conservation opportunities in
cpetail, is performed by a licensed engineer 'Ior other
clualified professional. Potential energy conservation
measures (see below) and their associated costs are
identified and the most suitable are recommended. The TA
l s° seeks out additional 08141s not identified in the EA

phase.

1-2 20
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Phase 4:4ECt4s--In the fourth phase, energy conservation
Measures are installed in institutional buildings. Eat are
defined by the ICP as any physical modification Or

installation of equipment that reckuces energy use and, that
involves, a payback periOd of more than are year. . Examples

are H.VAC system modifications and equ ent replacements,
insulation solar .Systems, automatic .1 trots, 'etc. POE

funded. ECI4ss on a competitive basis, according to several

factors, the most important' being the period of time
required for tt(e measure to pay for itself thfough energy 4
savings (the "'payback period" ) it as a determined by-i the TA

analysis.
I

PROGRAM PARTICIPATION I
.Table 1.1 summarizes the ICP activity for its first cycles (fiscal year

'1979-82) . It *lays the number Of institutions covered, number of grants

awarded; and arianits of funding for each program. phase. As Table 1.1

indicates PEAS and EM were .funded only during the first two cycles. Most

funds have been used for grants for EC/4s.. More. than $378 million has been

distributed to institutions'. to help finance conservation imprrwements.

OTHER BACKGROINID INFORMATION

Appen. A contains more details on the Program's history, including

infonna gn project selegion criteria and the allocation of funding; the

r4egul history the Program;. the Program responsibilities of DOE, State
energy o flees, a institutions; variations within the program; 'anri, the

events that I the ICP evaluation. -t

ICP EVALUATION OBJECTIVES

The ICP evaluation's four primary gijectives were to:

4

PrOvide an assessment of Program operations and an analysis
of Program retults.

Collect information to prepare a report on ICP that
quantifies and correlates field data, and that features case
histories, the extent of arininistrative .success, and other

such anecdotal infoVination as appropriate.

f andThe average simple payback in Cycle a II ECMs was projected to

be about 4.5 years.

1-3
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TABLE 1,1 I CP GIANT CYCLE DATA

CYCLE I CYCLE II

.

CiCLE III 7 I ' CYCLE- IY

Mak s .
.

HUMBER OF INSTITUTIONS COVERED.- PEA

NUMBER OF. INSTITUTIONS COVERED EA:
.

.

SCHOOLS °

HOSPITALSSALS
LOCAL GOVERNMENT

.

PUBLIC CAA
4 '

TOTAL
. ,.

FACTUAL AWARDS . ,

SCHOOLS/HOSPITALS
i

LOCAL GOVERNMENT/POCK CARE

TOTAL COMINED (PEA/EA) A

%

.

.

.. .

117;000

.

.

53,460

% .3,392

... 15,880

*
2,428

..

.

,

.

.

.

. .

t

.tiosi,*. \
MAROS

MOE .

.

.

.

.

0

.

4

.AVARDS

MOE
-

.

.

-

,

. 65,160
.

.

1

$ 18,000,000

6,400,0C4 .

'

,$ 4,700,000

6,4(11,000

$ 24,400,000. $11,100,000

. .

IA

SCHOOLS/HOSPITALS

NUMBXOF GRANTS ,AWARDED

NUMBER OF BUILDINGS COVERED

LL GOVERNMENT/PUBLIC CARE
NUMBER OF. GRANTS AWARDED

UUMBER OF BUILDINGS WAVERED

GRANT AMOUNT ($) .

SZFOoLsiNosP I Tap

LOCAL GOVERNt4iNT/PUBLIC CARE

.

.

)

.

r

,

.

la

2,755

6,635

404
4 i

1,196

$ 20,947,572

3,061,973

.

1,677

.4,985

473

1,620

.

$13,590 695

3,029,741

,

1,125

3.435

254

1,299

$11,085,063

1,968,029

..

.

,

408.

1.307.
,

.

.N/A

VA

$3,330,000

N/A

.

,

...

$ 24.009,345 116,720,436 413,053,392, 53,303,000

ECIS

SclooLs/Hosp 1 TALs **

NUMBER OF GRANTS AWARDED

NUMBER OF BUILDINGS COVERED

[Gums Mom ($)
.. .

.

.

1,305'

2,540

$10,316,516

.

.

1.547

t 3,419

$90,877 959
i°

.
2,288

6,167

$144,525,234

v

1,129

3 004

$43,3000000

.

SOURCES: U. S. DEPART NT OF ENERGY. INSTITUTIONAL CONSERVATION. PROGRAMS DIVISION. TUC' X SU4SET PROVISIONS.
--PREPABat BY EG&G CeRfoitATrox, ,IDAHO. UNDER BBC NO EPOW4000-

6A4TmouGm PEA AND EA ACTIVITIES ARE STILL BEING CARRIED OUT IN SOME LOCATIONS, FUNDED MAINLY BY STATES WITHHOLDOVERMONIES, DOE STOPPED UNDERWRITING THEM' AT THE BEGINNING OF CYCLE III.

GRANT ASSISTANCE FOR ECMS WAS ONLY AVAILASLE TO SCHOOLS AND HOSPITALS DURING THE FIRST TWO GRANT CYCLES.

1
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. .

Provide a basis for developing a guidebook for future ICP
participants, as well as designers aod users -of,. similar
energy-tcOtiserration programs.

.

Provide 'DOE headquarters staff with feedeack on Program
operations and results. ..

46.

4

The evaluation tasks that. support theie primary objectives- and that we re used
to evaluate various. prograni activities are :presented in Table 1:2.

STRIETIRIE OF THE 'REPORT

The chapters that follow describe the eval uation -and its restati.

Chapter -2 -presents a brief ,des,cription of .the' methodology
and procedures used in the evaluation..

Chapter 3 contains evaluation conclusions and 'findings
obtained by means of site. visit observations _and data
anallses.

es

The *Appendices contain 'details., on frog rear .history, and

additional information about the evaluation methodology, the
survey instruments used +in the* eval uatiop, assumptions
underlying the. anatysis, and,a glossary Of terms used in the
study.

a.
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TABLE 1.
,

[11CP PROGRAM AND .EVALUATION ACTIVITIES '
Program Actitivies

I. Assist SEOs in developing and
implementing. State plans.

la ai, - itt4

2.

.
t-.

Conduct E.10 at Onprofit instittit.

Lions to det ine operating and
m intenance angel to reduce

ergy consumption.
.

t

3. Provide TA-grants for detailed
engineerihg analysisof:

- Applicability and completeness
of b&MMeasures rmmontemdml in
EA phase.

= Potential for energy savings
through use of energy conserVation

.measures.

,

4. al, vide ECM grants to implement
conservation measures-that will
reduce energy Xonsumption at
participating institutions.

ICP Evaluation Activities

.
' 11 Interviewing SEC and Regional

officials.

A.

24. Sampling, collecting, and
"computerizing" of detailed
information from EA forms if,10
selected States.

2b1Conducting telepIne interviews
with sampled 1Ainstitutions
participating in Program Cycles
I and II to determine changes in
energy consumption resulting
from EA activities.

.

.

3a. Performing.brief review of TA
reports Conducted at EA institu-
tions to compare the Oatisa
recommended in TA and EA-reports.

3b. PpPlorming detaileb'engineeFing
analysis of-a Imnpleof TA
reports from institutions receiving
ECM grants.

A

S. DisseMinateand Oublitize,the
energy conservation potential
at nonprofitinstitutions

lipationwide:
.

11

3c. Conducting site visits of ECM grant
recipients to compare actual condi-
tions to those recorded in the TA
reports.

4a. Reviewing ECM grant applications
. for technical quality and conformance

to program regulacins.

4b.-Cenducting site viiits-of.completed
ECM grants to determiee performance
of measums funded.

Ss. Interviewing State, Regional, and
Headquarters officials to determine
techniques used to publicize the ICP.

Sb. Developing del led guidebook on the III
suceesselkand oblems related to
.diffeent t of 0114 measures, EMCs, 't
TA review allures, and related

Nadminisbrative approambes taken by
SEDs and participitinrinstitutims.

. ,

a '
a

Meet Evaluation Objectives!

Jr

I, IV'.

r

.

It III, IV

aaft

I, II, III, IV

1, Ty

' Evaluatiok Atdeetives Key

1 Assiss program operations and resqlts. -
.1

II. Gather quintitative data for enilit of energi--snvfnis.

A

1

III. Compile information for 6HOw6to" guienboolc

IV: Provide DOE headquarters ulth,fedeback on Prggrakpierationi.

* '1-6
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. OVERVIEW OF THE EVALUATION.

44

C

4

THE ICP EVALUATION.

The ICP evaluation has five or methodlological.pomponents:
0

A .1. Sample Selection- -The. survey methodology for sampling States-
Ind evaluation Cites within thoie, States we designed inisa

lc manner to that results could be'extrapolated.to

the ICP nationwide for the EA phase, and _Cycle I and II ECM 0'.
grantees.with completed projects'as of September 30, 1981.

. However; limitations thethe telephone surveyefforts,
ultteately restricted EA findings.*

2. Exaiina ion of Admi istrative 'Procedur septate energy
o ces personne n ase ec a es we interviewed to
determine similarities and 'differences in Program
aditinistration..,

Evaluation_and Data Collectionat Sample Sites - :-Data were

,collected and institutional persOnnil Interviewed at sites
that had undergone experienceNtith the EA .phase of the ICPik
and, with the EA plus= E, .phase lows Information was gathered
both brtelephona and through on-site visits.

4..Analysis of Data -- Information on fuel use before and after
tie ICP was analyzed in cqnjunction with obeertations made'

fin thi field. A side range of findings were sought on
administrative procedUres, institutional implementation of

the peogram, and edergy consumption relplts.

Report Mritipg--Thb various kinds of quantitative end
-qua) itative data were used as the basis for' preparing the
.report and will be used in preparing the ICP guidebook.

See. Institutfonal Conservation Progralv Anal sis ofqthe Impact of

the Energy Atkin in Selecterfinstilvtions7prepiterrby Amil401-ty
5.0cem4;-inc. .

.

26
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The rentainer of this hapter presents a brief. description of- the following
toptcs:- .

The sampling methodololgy
1

.* The procedures undertat. o collect information as data on
iimplementation,oftthe am at various study sites "

aw,

The problem encountered in the course the evaluation,

is
-
The .nature of the evaluation's,

Details of the methodOl are presented in APpendix 'Et'

4

The 'evaluation was .broadl .divided into components: telephone survey
work and site visit investigations. OSI had responsibility for the telephone
survey, and TSE was responsible for the site visit evaluation. The primary
focus of this chapter, and of thesucceeding' findings and conclusions, is on
the site-visit evaluation, conduCted by TSG. The telephone survey methodology
and results are discussed In a separate' Vo lire prepared by OS1.: Instituttonal
Conservation Pr. ram: Anal sis of the I- -act of the Ene Audit in lel-acted

when it will to help, the reader understand the flow of the evaluation.

.*
.SAME SELECTICO1

7' 4

A sample of more than 2,000 institut4ns in 10 Statei 'arid 8 Federal legions'
was- selected using the, statistical methOdologr. described briefly. below (see
Append it B for, details) .*/ Thit sampling s S itted to. DOE/OMB for
approval. 4 Approval of Vie current samplinV 'and survey instruments was
received in April 1982. 4
In determining theAnstitutions frcii witIch data would, be collected for the ICP
evaluafim, a -two-stage sarmiting plan was devellped to maximize both cost

. efficiency' and statistical 'validity. It was designed .to-tenable reliable
=generalizatigits to t! made about the Cycle=1.and It'grantrecipients.and ECM
projects completed by September 30, 1981, nationterde,: In addition, thee sample

- structure ailows acceptably. precise estimates of ICP's impacts. upon schools
. ,,and hotpitals that .progressed .OthrOugh the ECM phase.- .

fo

Sampling was perforufe64 in 'two stages:, first, States were selected; second,
sites'' within States were selected. Both' are discussed in the sections that

..."follow

-;Stitte° Selection

ai;usi. IC! %rants are -ackeinistered
the Primary',Sampling Wilts (PSUs)
with. DOE; it, ryas determined that 10.
PSUs compatible with time aM budget

on the. State.. level, States were 'chosen as
for .da,fis colJectitxt. After'' consultation
States' rouid, provide the maximum number of
constraints:. =

0

iw

t

.
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'
The selection of States as pOptially-a function of the ACP populatdon'within

ea0 State. This detenition was made in otde0 to maximize .coverage of. )

institution types and ECM i tallations within the'10-st Ample. Thus five

ili
of the 54 States and Territories Mew York: IllinoiS,IM. cote, Oklahoma, and

Virginia) were choSen with certaintyi,as they etmtatned e largest number of.

each of the five target populations (the four institutional types/(and
completed ECM sites). ,..Tbe remaining 49 PSUs we ire grouped' into five strata of

approximately equal size and climilk conditions. °One- State was chosen from

each stratum with a probability of selection ppoportionate,to the size 'of, the

population of ICP 'participants. :Nese states Are Utah, Rhode Island, Florida,

Missouri, and New.Mexico.
,

.

a

Site S ection

EA Sample

For details of the EA sample design and selection refer to Institutional

Conservation Program: Anaysis,of the Imp'act of the Energy Add n e c

Institutions, prepared by Opportunity Systems, Inc.

ECM Sample
.y

The sam ling t totAhis phase wa deftned as an. ECM giraotee with a Cycle I

or' II em inst lotion completed by. September 30, 190. Telephone inquiries

of SE provid an estimateof approximately 1,000 such grantees nationwide,
400 o Mich ell within the 10 selected/States. In view of the relatively

ize of this ECM universe (00E had originally pri:Tosed. a sample. of 1,000

ECM grantees),. it was decided to modify the -Sampling scheme in -collecting

'baseline ECM Anformation; background dAta would be collected from the 4Q

completed ECM cnstallations within the 10-State sample. The si e visit sample.

included 150 ECM grantees and 50 EA-only sites.

Modification of the Site Visit 54!ple

The original sample of 200 site visits was modified 4' respondent refusals to

equAl a 94% rgsponse rate of 188 buildings'. The total sample of Ilaa site
visit buildings included 44 EA-only sites. and 144 ECM sites. Due.to sample

design and States'AefinAtions of "buildings," multiple buildi of a complex

often were /included in the sample. In many cases, on-si investigation
determined that central metering at the complex precluded th identificatton

of energy data for individAl 'Therefore, the 1 site visit

builditts ultimately' accounted for 168 evatuatibn sites: 43 E nd 125 EtMs.

Several problems resulted -in a fUrther reduction Of the sample. Although

every effort was made to collect complete and approOfiate energy data from
institutions during the site visit /, it was not always possible to do. so. In

addition, at some sites it was discovered that ECM Installations had been

complete for such a short me that adequate comparison, of base and latest
year consumption data was 1,t possible.- In a few larger 'school districts and

local government ngs, respondents -did, not have ,access to energy
consumption records that generally were kept by central accounting offices.

. .1.

0

28

4



.s

Finally, data problems arising during analysis precluded the 'mee some sites

from the data base. Therefore, the final data base include 136 evaluation
sites (80% of the total'sample): 24 EAs and 112 ECMs.

Because the EA data base includes only 24rinstitutions,:no attempt is made to
project, the findings to a national popilation. However, appropriate weighting
has been applied to ECM institutions; and. revits may be -projected to

repretent all Cycle and ECM institutions.with completed cipjects as of
September 30, 1981, nationwide.

PROCEDURES FOR GATHERING DATA

4

Administrative Plbeess Interview

An evaluation team visited the State' Energy Office (SEO) in each of the 10
States to interview personnel about issues related to adminiitration of the
ICP.- Background information, administrative histories, and opinions on

Program performance were 'solicited, with an emphasis on distinguishing
State-by-State variations.

Gathering Information on Study Sites

While the administhtive process interviews were (taking place, other team
members were microfilming data in the same 10 States. Using the sampling
plan, they recorded all docUments (PEA, EA, and TA reports and ECM grant
applications) filed by the institutions in the sample. Data elements from the
microfilmed dogunents were analyzed, coded, and :entered into a computer data
base.c In the process, mitring, incomplete,, and/or obviously inaccurate

information was flagged. Those pieces. of data considered essential to the
evaluation, were pursued in later contacts with personnel from the
institutions.

Telephone Interviews

./
A sample of participants in the EA phase of the ICP was Ch telephone

ft,interviews. An interview appointment was set dp in adv the most

appropriate staff members at eacp institution. Using OMB-approved
questionnaire, telephone interviews n at OSI sought'inforditton on the results
of the Program (e.g., which OSMs were implemented, effects on energy
consumption, administrative proCedures,' other conservation measures
undertaken), as well as other physical changes that may have.thected ellergy

. usage. At the same time, interviewers attempted to clarify data that were
:missing or otherwise unsatisfactory in the original EA report.

4

Site Visits

Site visits were scheduled
sites. ThUs, although the
below, the same study teams

f

for maximum efficiency and proxiMity among study
EA and ECM site visits are discussed separately

visited both, as geographically convenient.

2-4



TA Review

Before all site visits, TSG's engineering staff analyzed the entire package of
documents relating to each institution to be visited., The TA report underwent

44

special scru prior to ECM site visits (see below). The analysis prepared

the survey to for what.they should expect to see in the field; it also
provided. insigh .intO the approach taken to the TA, as well'as the range of
ECMs originally suggested.

EA Site Visits

In order to tssess the appropriateness and effectiveness of reported 01MS., a
sample:of,44 EA institutions selected for the eval ion was visited by surVey
teams, to perl'otm an on-site inspection. I rsomlal. Were-
'40ministered the same questionnaire that was used in the to eph 'interviews.

(The site visit" institutions were not part .of the "telephoned" sample.) As

in the phone interviews, missing or otherwise uns.atisfactory. data were
pursued. Because of the more personal nature of the site visits, 4. a

signifiCant amount of anecdotal information was pebffered, data that are of
great utility in developing case studies, in -evaluating the results of the
ICP, in prdviding qualitative information to supp" findings, and in
producing the guidebook.

ECM Site Visits

In order to assess the appropriateness, effectiveness, and tntenance of
reported OEMs and installed ECMs, 10 Of the pool of completed CM sites were
selected for site visits. The detailed design of the site visit sample was

'finalized after- collection and preliminary analysis of base3int data. ECM

institutions were Stratified according to. size:Lgross floor area),'4ollar cost
of project, and type of ECM. Cases were selected randomly within strata for
each subpopulation to produce a distribution across States and institution
types whi4h is proportionate to that described in Appendix B (see "Survey
Design"), The results of this selection process are displayed in Table' 2.1.

On the basis of sample selection design, approximately half of the
institutions- that completed Cycle I and IrECMs In the 10 selected States were
visited by survey .teams. Utipg an OMB-approved questionnaire, the team
members sought detailed information on each conservation measure, implemented
and on long-term continuatiop of the.,081Ms recommended in,previous program
phases. Partitular attention was given to obtaining accurate pre- and

post- installation energy use data. Valuable anecdotal information on Program
operations and energy conservation techniques also was Collected during these
site isits. : s

4r

Follow-Up Site Visits '

a

All ECM site visit institutions that showed apparent increases in their energy
use since ECM installatiffli were analyzed to determine the causes for increased

0
consumpt {on. Attivities in this task included: review 4 both computerized
and raw field data for errors; analysis of existing data to'determine if

. f
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TABLE 2.1 AMPLE SCZE FOR ECM AND EA SITE VISITS BYSTATE

i ,

..

Missouri

florida

Original Number of
Buildings in

Sample ed

s

TOTAL ECM EA

.

Number of Site
Visit Buildings

TOTAL ECM EA

Number

TOTAL

Visited2Visited2
of Sites

ECM

__,

EA

.

4'

9

2

2

6

3

5

5

2

5

43

25 5 10
.

19_______9._

19

_ 28

13

:17

4

26

18
.
19

19

. '7

22

128

15

_19 _

11

15,

20.

15

14

13

5

17

144

4.

: i

2
04'

2

6

3'

5

6

2

5

44

18
t

. .

24

1

1

18

17

19 .*

15

7

22

168

14

: 15

11

13

12

) 14-

14

10

5

17

125 ,

Utah

Virginia

New Mexico

Oklahoma
(

Minnesota 'e

Rhode Island

New York

Illinois

TOTALS

/

.

-?al.

13

20

26

19

20

-
19.

7

24
i

200

11 2

18 2

20 6 .

ft 3 ,

15' 5

13 6

5 2

18 6
y
150 5Q

NOTES

1The difference in
as follows:

II Missouri -

is
. .

Virginia -

the original site visit sample and the number ref site visits

1 EA site refused the visit .

5 EA sites were recommended after all other site visits in

the State were-completed
3 ECM sites refused the visit

Oklahoma -- 1 ECM te was dropped from sample due to imomplete project

Minnesota- 1 ECM site was cancelled due to weather

Illinois - 1 ECM site and I EA site refused the visit

2 The diffprence between the number of site visit buildings and actual site visits

is as follows: Where more than one building of a comp/ex is includedin the .

sample, but fuel nsumption metering was provided only fora complex; the number

of- buildings was. ounted.as 1 site.
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increases wire dueto chltnges in weather, institution squaFt footage, building

t utilization, and/or metering; visits to selected institutions to verify

initial analysis and identify internal technical factors that tould.have
contributed to increases; evaluation of the data; and identification of, the

actions necessary to improve ECM operations and performance.. Figure 2.1

presents the analytical procedure used for institutions with apparent.
increases in energy usage.

This. analysis resulted in selection, of five IECM sites for return visits.
Three of these were hospitals, one was an 811 el ctric high school and the

. remaining one was a chemistry building on a university campus.

The `follow -up site visits allowed approximately two.. days at each.institution.

i

for the evaluation team's engineer to fully exPlo e the energy systems and

reassess the accuracy of the energy data previousl used for determining the

_ z1/4

results of .ICP participation by the subject institu Jon.

1 .

FIGURE 2.1 ANALYTICAL PROCEDURE FOR INSTITUTIONS

- WITH INCREASED ENERGY USAGE'

Wed WM Wefts
Seem tie Oise et

Sammy of Problem,
titellefee sf

fessepult00.
Cat team
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One major purpose of the return visits was to detpriminp whether
specific installation, technical eor managmerf!operational

I

herr were
ions tor

the less-than-expected energy consumption resuif subs lent tp the in talia-

tion of ECM's at the selected sites. rev

A secondary product of the return visits was qslitlity control

findings of all site visits performed dur**1 .he ICP.evaluation.
of change in overall findings, at this small sample ot
extended follow-up visit and a relatively short initial visit

level of confidence in the adequacy of the shorter v1';1t

method for the total of all sites visited,

ANALYSIS

(heck on he

The deg Y

nOtween an
s ne

on

provides
is an waluat

Three types of data have been identified for evaluating the performance of ICP
participants. First, quantitative data on fuel consaimption identifies the
savings of electricity, natural gas, oil, and other fuels that were achieved
throughout participation. Second, data on buil(iimq r h a rac ter i s t ic s ,

administrative procedures, on-site observations by survey teams, and results

of the TA review were included in the computerized data base or the purpose

of cross-correlation with the fuel consumption data.
Third, ancedotal information is ossAral to case

studies and technical guidance reports, and has been risod to amplify and

interpret evaluation results. '

the analysis consisted of the f9ilowinel principal r,IrocP1urec,.

Raw energy data were processed for each s itP Ithnti V17,1CA1 f:

software; this produced BTU totals by Pnergy type for the

base year and latest year.

Totals for the raw energy data , .tion(I wIth
characteristics and adjainistrative- ,inf! t, he it al fiel(1

observations, were coded for entry Into the ';tatisfiril

Analysis System (SAS) software.

SAS was useeas the primary analytir, tool. fhren kinds of

SAS programs were used for various parts of the

Frequency distribut(ion, which displays the number and

range of values for each variable

Univariate analysis, which calculates sums, means, and

other statistical features for each variable

Correlation analysis, which is used to callat, and test
the significance ofrrelationships bfltwenh two
using linear regressy.

The three SAS programs were used to produce arial6es of the

following types:

241 .3')



Energy and cost savings for the enre data base;

Correlation between ECM cost, institution size, and

energy and cost-savings;

Energy and cost savings comparisons between various

.
subgroups within the data base, including:

EN recipients and EA participants;

. Schools and hospitals;

. Types 1of .ECMs;

.00

Groups based On questionnaire .responses. ie./.,
respondents ionswering "yes" or "no`' to individual)

'questions).

These analyses were conditioned by the following factors:

. Weighting factors designed to amplify results to represent

the original sampling_universe of Cycle I and II grantees;

(see Appwdix B, "'Sample Design") ;

Probability factors which determine the significance of

correlations between two varrables;

Tests used to assess the significance of comparisons between

subgroups such as ECMs/EAs, schools/hospitals, questionnaire

responses, etc.

Figure 2.2 showS.the evaluation plan schematically. ;Please refer to Appendix-

/8 for details of the evaluation methodology.

PRACTICAL PROBLEMS WITH EVALUATION IMPLEMENTATION

Certain circumstances had a bearing on the overall formulation a d conduct of

the ICP evaluatiOn. Many of these problems arose from the wide v riation of

program administration at both the state and institution levels, -)-eouired

some minor modification of evaluation strategies on a site -by -s' e lbasais as

, work progressed. Generally, however, these problems had no significant impact

upon evaluation results.

Problems associated with the overall formulation of the ICP evaluation

included:

Preliminary evaluation planning during,early 1981 determined

that the ICP schedule and the length of time required to
implement ECMs- made evaluation or all cycles of the ICP

impractical , since only 20% of funded ECMs had been
completed by the start of the evaluation-in October 1981.

In addition, the majority of completed ECMs were those which

had been funded during Cy es I and II. Thus, evaluators

were instructed to look a only Program Cycles I and II.

2-9
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FIGURE 2.2 SCHEMATIC DIAGRAM OF THE EVALUATION

SAMPLING PLAN

Chose State
Picked a random sample of EA institutions
Sampled all complete ECM institutions

8 Regional\
Briefings

10 State
Administrative

Process Interviews

Simultaneous micro-
filming of data from
selected institutions

in each State

All EA & TA reports and ECM grant applications
collected for every institution in sample 7,,,

ase only (n = 1954) ECM phase (n = 364)

EA Site
Visit Sub-
sa le

(n = 50)
Administered
EAOS at
Site Visit

ECM Site
Visit Subsample

(n = 150) .

Administered
Earls

and

EAOS
at Site Visit

Suhanalysis
of sites that
showed appar-
ent increases
in energy usa-
age

Data files augmented with information
gained via survey instruments.
Data automated and analyzed.

Findings' Presented
in

Final Report and Guidebook

EAOS = EnergyAudit Output Survey

ECMS = Energy Conservation Measure Survey
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3.

Records of energy consumption were incomplete and/r
unavailable at certain types of institutions (e.g., public

schools, small facilities).

It was often impossible to isolate energy:consumption-4,,
patterns at a sir le building that wasppart of.a centralized
energy system fo4 a larger campus or complex. However, this-
problem was mitigated during the final weighting of.the site
visit Sample, and therefore, has no impact on evaluation 'r

results.

I ,The nature of 'energy consuming -systems and energy

conservation measures at many institutions makes it
generally impossible to associate specific O&Ms or ECMs with

definite increments of energy savings. As a result, the
evaluation has had to focus on general. conservation
performance by participating institutions.

s In the case of certail fuel types (especially fuel oil),
purchases -are on a seasonal or irregular (as-needed) basis,

causing problems in breaking down fuel consumption to a

monthly pattern.

Personnel at institutions that participated only in the EA

phase often evidenced lack of in rest in and a limited

memory aboubeProgram events.

Some site visits to schools curred during vacation months
when buildings were not in use, causing difficulties

checkfhg. on O&M implementation and .ECM, operating

effectiveness.

States did not use uniform EA or TA formats, and some States'

used EA checklist formats that do not lend themselves to
analysis or field inspection.

The original design of the ICP makes selection of an ideal

control group impossible. As-a result, no contr group is

available to use in comparing energy consumption atterns

between participating and non-participating instit tions.
However, a review of existing data on institutions energy

conservation, including various SE0 evaluations of the ICP

(comparing energy performance of 'participants and
non-participants within States) provides an. oppqrtunity to

examine energy use trends and to compare the effectiveness
of ICP with these trends.

' Other problemstwere specific. to .the"-site. visits: _

,
Insmany cases, site visit time.had to be- spent clarifying

fuel consumption data.



4

Inabout 20 percent of the site visits the respondents
had not yet prepared the requested energy data but agreed
to do so and mail it. In a fewcases, respondents were
able, during the visit, to provide_ data in a format from
which evaluators felt they could obtain the necessary
information.

= Another 25 percent of the visits required time with'the.
respondent to resolve one '.or more areas of apparent
discrepancy in the data, such as the units ,jn which a
fuel was reported, or the reason why use of a certain
type of fuel was initiated or terminated during the

course of the data period.

- I; a-few -cases, site visit time was used to sort through
and copy data froh a collection of utility bills or fuel
delivery, invoices that had not been organized or reviewed

by the .respondents. generally, such records, lacked

important information, or it could not be determined
reliably that all the data wve present, particularly
where fuel deliveries were made on an irregular basis.

114 often, considerable site vislt time had to be" spent
identifying changes in utilization, floor space, or energy-
using equipment that might have occurred Once the base-year
period of energy data.

- Hospitals were especially difficult to assess in this
,e-regard because ongoing modernization changes-,frequently
.involved the relocation of equipment into new spaces, as
well as the replacement (or addition) of more
energy-intensive equipment. The direct change in energy
consumption is seldom documented and. the indirect effects
on heating or cooling are not measured. Therefore due
toltheir dynamic utilizatjon patterns, many hospitals
show changes in energy.use that is-not evaluated easily.

At sane institutions, the staff had changed since ICP

artiCipation began, and, information on implementation.
dates, building modificationi, and energy Changes was for
that reason upobtainable.,

o- Another frequently encountered diffic y was determining an,
accurate basis for allocating e rgy use to specific
buildings where central meters d/or a central
heating / cooling plant was employed.

-.411 cases where both the square footage Of the specific
building s well as the area of the total metered complex

Changed, it war sometiniet not Possible to be certain
af the prorating mithodapplied by the bilgine energy
auditor and, therefore, it was difficult 'to 'ripply an

equivalent method to later data. In addition, many

. 2-12
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institutions simply have not had a previous need' to

measure their buildings or, maintain documentation as

renovations, changes', additions, closings; etc: have

occurred.. ./
.

-... ,

e

"P Few individual'EcMsrcan be validated:for .specif.fc

energy savin0. contribution because of the Tack' of energy

consumption monitoring preceding and following ..11

implementation:

- The likelihood of confirming the accuracy of projected

results from. particular ECMs declgines as facility
complexity increases. Even in 'rate situations where only

one ECM was installed, a lack of cont for over oar
variables .(or at least the documentation of _concurrent

changes in these variables) makes verifiable results `-of.

the ECM'difficult. In facilities where' usage and

'equipment are constantly changing (and hospitals are

particularly dynamic in this regard), energy consumption

patterns are continually in flux. Ilvsuch cases, it is .

-frequently impossible to separate out the effects of

specifiC conservation activities.

* 1-Changes in building use interact with 'energy conservation,

and true results are virtually impossible to 'quantify, For,

example, impleMenting .energy conservaDion measures in -a

school gymnasium that also make it more attractive or

comfortable may rislilt in more user of the gymnasium, thereby
increasing its overall energy- consumption.

s

CHARACTERIZING THE DATA BASE

Definition of the Evaluation Population'

4
This evaluation is based o*.a sample of ICP participants from Cycles I and II.

'The
)

sample includes:

A sample of ECM grantees whose projects were completed by

9130/81. .

a A sample of selected EA-only participants.

4, In the evaluation's ftnalytic process, the ECM grantee sample was weighted to

reprisent the national total of 1,012 Cycle I and.lk grantees whose projects

were completed. as, of 9/30/81. Usually there is a one year time period between

grant award and ECM completion. For schools, this' "lag" ttne.is :Veined' by

the, fact that any constnuction and equipment installation g erally is

scheduled to take place in sunnier when schools Pe not in session. Therefore

the number of aMs completed when evaluation activities began was 1,012,

compared to the total of 2,853 ECM grants awarded during the first two Program

Cycles. To maintain clarity in reviewing the evaluation findings, the

folloWing considerations should.be kept in mind:
a

. 2 -13



The term "ECM grantees" in the report means CycWI and II
grantees Whose ECM projects were completed as of 9/30/81,

- number 1,012. 110,

Total Cycle I and II grantees number 2,853; hence the

evaluation is based on 35% of all Cycle I and,II grantees.

Total ECM irantees. in Cycles I through IV number 6,270;
hence the evaluation is based on 16%.of all ECM grantees to
date.

Elements of the Data Base

As mentioned earlier, the ECM sample was stratified by institution type,
institution size, project cost, and, types of ECMs. This ECM site visit
sample, comprised of 125 institutions (adjusted for multiple buildings),

.

included 106 schools (48 elementary, 44 secondary, and 14 colleges/univer-
sities) and 19' hospitals. Included in the data base are 96 schobls (42
elementary, 41 secondary and 13g-colleges/universities) and 16 hospitals.
Institution size- ranged from 6,162 sq. ft., to 1,365,175 sq. ft., with a

median value of 56,245 sq. ft:, and project cost varied from, $720 to $775,000,
With median value of $28,222. The impacts of these factors on energy
performance are discussed in Chapter 3. Finally, the ECM sample includes the
range and egmbihation of ECM types, which Were categorized as building
envelope modifications ,vmechanical changes, lighting modifications, and
special systems ECMs. , [Special systems, include solar systems and othec4

renewable fuels, as well as modifications to energy using systems such as
swimming pools, laundries; and kitchens.]. Discussions of these systems are
found' later in the "Findings" and "Case Studits" sections of Chapter 3.

The EA sample was stratified only by institution type; it was .composed of 11
schools (4 elementary, 4 secondary, and 3 colleges/universities), 3 hospitals,
6 local kgovernment buildings,-and 4 public care facilities.,

As mentioned above, no attempts pave been made to project the findings of the
EA site visit survey to a larger population. Rather, analysis of EA sites has
been conducted separately, and findings have been used to illustrate the ,ICP
experience at selected EA sites.

Site Visit Respondents

In smaller school districts and particularly in the more rural areas, the most
frequently. encountered respondent was the school system's superintendent.
Most of these administrators were able to handle the discussions by themselves
but occasionally called upon other members of their staff, most often their
facilities director, financial director, or chief. maintenance supervisor. In

many cases, the superintendent had personally prepared the documentation,
during the ICP, process and was also reasonably familiar with the technical

'aspects of the buildings involved. In some cases, his office.4as either
within one'of.t1Me scbool'UlTdiings-or'at-least nearby in'a support 'services
building so that he had essentially daily contact with the facility and An
opportunity to observe its patterns of use on a regular basis.

2-14
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.
In larger (generally urban) school ,systems the respondent was more likeq to

be the director of facilities and occasionally had invited the TA analyst.tp

iattend i/slong with this maintenance supervisor. _During the walkthrough

nspectlitfons. the respondent usually acted as the main guide but sometimes

deferred to the building's key occupant such as the school principal.

,In hospital site visits the main respondent was nearly always the facility's

maintenance director. Also, he usually conducted the walkthrough with help

from his staff if required on specific subjects.

r
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Energy Data Definitions
1

In general, the energy usage, energy savings, cost-
effectiveness, and payback data in this report are based on
recorded ,changes in energy usage at site visit facilities.
These data have not been corrected for variations in
weather corvittions or other factors, such as minor changes
in building operation or equipment, due to a lack of the
detailed building data needed to establish accurate correc-
tion equations for each study site. In selected cases,
howefer; weather correction is applied to help "evaluate the
performance of indiVidual institutions.

nerally, energy data are calculated by using the 11,600
U conversion factor for electricity (the average lumber

f BTUs expended at the generating plant that ultimately
roduces and transmits a kilowatt hour (kWh) of energy as

m tered at the user's facility). Therefore, this
conversion method reflects the BTU requirements for overall
production and transmission' of electricity, rather than the
,BTU consumption of an individual facility. However, inspecific cases, when the' performance of ihdiyfekial
institutions are discussed, energy savings are calculated
on the basis of a kWh valued at 3,413 BTU, which reflects
the metered kilowatt hour of electricity used by afacility. .0

.

The data results in the report are also subject to
precision limits because of the wei4hting methods used for
the analysis. In smenary, then, data should be viewed with
allowance for variations-due to:

a Weather conditions.
Chinges in building operation and equipment.

e BTU conversion methods.
Statistical precision limits.

Based on data available, these factors do not significantly
change the quantitative findings'in the report.

1
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CHAPTER 3. FINOINGS AND CONCLUSIONS ak

PROGRIIN GOALS

1-

The .ICP established two primary goals and predicted that their achievement and

the concanitant publicity afforded the Program would result in the attainment.

of other, secondary, goal so: The Program's primary 'goal s are:

To 'help participating institutions save energy and reilucd

energy-related costs.

. To conserve oil and thereby reduce' the nation's dependence

on imported fuels. 74.

Examples of secondary goals arising from these are:

The fostering of . energy-conservation awareness, and the

stimulation of energy-saving activities on a national scale.

The advancement of energy conservation science: "by 'expancl-%
ing its technical base of knowledge and the expertise of its .
specialists.

..

An improved technical capacity for managing energy use in

institutional buildings.

Has the ICP been successful in achieving its goal's? The' firxiings and

conclusions presented in this chapter determine the extent to whichthese

goals have been realized. The discussion is presented fin the following

format.:
.

How Well Has he ICP Been Administered?

Has the ICP Achieved its Primary Goals?

What Secondirry, Goals Have Bin Attained?

REVIEW OF FACTORS ItfLiENCIta RESULTS . .

The findings and conelusiont of this evaluation must be viewed in light of
certain predetermined ' factors, discussed in more.. detail elsewhere In t s

report, that may have an effect, on' results:

The ICIP*Amding formula required that 30% of Progrke funds

in each State be set aside for txupitals. This resuTted* in
greater competition among schools for remaining funds, and

may have limited schools' grant amounts.
.

Wsitners of the ICP ir.ientionally focused on projects that
would pay back quickly and that would promtte the saving of
oil; the findings are, influenced by this orientation.

3 -1'



0

The States were given some latitude in the way they chose to
conduct Program activities.

Only Cycles I and II were evaluated. The early phases of
any program are typically fraught' with start -up problems
that become ironed out in later years.

The evaluation has a very lfmited focus: it mainly analyzes
the 1,012 ECM grantees that completed capital improvements
by' September 30, 1981. This populakibk is only 35% of all
the EC.M. grantees in Cycles I and and an even smaller
percentage (16Z) of all grantees to date (through Cycle IV).
The EA instituti9ns analyzed in this report represent less
than. .04% of all EA institutions participating in the
Program to date.
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HOW WELL WAS THE ICP ADMINISTERED? .

In general , the ICP was considered by administrators and participants to be a

vljuable and well-run pi-ogram. As discussed in the following conclusions, the

Mlbgram achieved 'a high rate of participation of eligible institutions. Vari-

ations in its tnplementation,,while.they made evaluation more Complex, sprang

from'a desire on the part of DOE to allow States as much autonomy as possible

in running the Program.. Several barriers to participation were identified.

Although administrative procedures may have an influence on Program perfor-

mance, the nature of the site 'visit sample does not allow the correlation of

energy savings with progqm administration.

CONCLUSION: The ICP Reached a Large Nymber of

Institutions Ouripg the-First Two Gran Cycles

25% of Eligible Buildings Undertook EAs

During Cycles I and II, over 65,000 EAs were conducted nationwide. In the 10 NI

sampled States, EAs covered almpt 27,000,4tuildings, or 25% of the"eligible

buildings within the first two clfclel of the voluntary energy conservation

program. -

Many TA and ECM Grants .Were Awarded

Approximately 5,300. TA grants and 2,p53 ECM grants were awarded Aatiotly

during the first two grant cycles, covering 14,436 ,and 5,960 build ngs, *

respectively. In, the 10 sampled Statet approximately 1,642 buildings' were

covered by 779 ECM'grants, ar approximately 2% of the total number of eligible -

schools and hospitals in those States. 'However, preliminary review .of

data indicated that overall, twice as many applications: were submitted as

could bejunded.

CONCLUSION :' Administrative Practices

and Arrangement's Varied by State
I

The aininistratiie process interviews.sought identify those variations. in

State program administration that may affect program performance. within a

State. Table "3.1 highlights these variations in program-administration. As

may be seen from the- table,. States used various methodt for procuring matching

program fimis,,collettfng baseline profile data on eligible participanti,

reviewing app1ications.deve1oping energy audits, and conducting auditor and

analyst training.

States varied in the number and type of auditors and-anaiysts they trained-, as

w411 a in the types of training programs presented. The total number of

energy auditors and TA analysts trained during Cycles I and'IL in the

sampled States was more than 11,000. Table 3.2 describes the nUnber and type

of auditors and analysts trained by the 10 States during the first two Program

cycles. Whereas institution -administrators and tech kill personnel, were

trained as energy auditors, TA analyst ,training gen ly was limited to

-professional erg veers and archite(t A
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TABLE 3d ADMINiS FRAT IVE CHARACTERISTICS OF 1C STATE

SAMPLES
A

FLORIDA

bk)WORXED IN PARTNERSHIP WITH FLORIDA-POWER CORPORATION TO PERFORM EAS, 75: OF WHICWWEReTERFORMED
BY INDEPENDENT AUDITORS

STRICTEST GUIDELINES AND TESTING FOR AUDITOR AND TA ANALYST)ERTIFICATION OF 10 STATES
-

AUDITORS REQUIRED'TO HAVE MINIMUM 5 YEARS OF BUILDING MAINTENANCE/MANAGEMENT EXPERIENCE OR
ARCHITECTURAL osii4GINEERNG DEGREE

At

RIGOROUS TESTING OF TA ANALYSTS

FUNDEI! ELMS ON MEASURE BY MEASVRE BASIS SO APPLICATIONS COULD BE MODIFIED To INCLUDE ONLY THOSE JUDGED
APPROPRIATE BY SEO

ILLIN011
1

STATE'S CONTRIBUTION WAS AU. IN -KIND SERVICES/ 4 FULL TIME PERSONNEL STAFFED THE SEQ.

INDEPENDENT CONTRACTOR DEVELOPED EA TRAINING. AND DATArCOLLECTION FORMS (DIFFICULTIES WITH '
41CONTRACTOR LEFT 'SEO. WITH INCOMPLETE RI DRDS).

ANY INSTITUTION REQUESTING REIMBURS NT FOR AM EA WAS REQUIRED TO AUDIT A.L. OF ITS BUILDINGS.

DID NOT PUBLICIZE AVAILABILITY OF HARDSHIP FUNDS. ONLY THOSE INSTITUTIONS REQUESTING

ASSISTANCE WERE CONSIDERED FOR HARDSHIP.

01INNES4TA 7.

7'if"INDEPENDENT INERGY AUDIT PROGRAM IN PUBLIC. SC PRIOR LO ICP. IN 19 , PUBLie SCHOOLS WERE
REQUIRED TO CDMPLETE THE FEDERALLY PREPARED COMP R AUDIT PAtICAGE.PUBLIC SCHOOL ENERGY CONSERVA-

TION SURVEY (PSECS). IN 1979 FUNDS.WERE MADE AVAILAGII TO OTHER NONPROFIT INSTITUTIONS.

-*1S ANNUAL FgEL AND ELECTRIC RECORDS ARE FILED WITH SEC AND MINNESOTA DEPARTMENT OF EDUCATION
'(THEREFORE, PUBLIC SCHOOLS HAVE BEEN MOST ACTIVE PARTICIPANTS IN THE STATE).

- SEC SUPPLEMENTED !CP GRANT CYCLE FUNDING W$TH MATiOING FUNDS.FGR YARTIDIPATING INSTITUTIONS.

MISSOURI

INITIALLY STATE HAD DIFFICULTY LOCATING MATCHING FUNDS.

STRONG STATE SUPPORT OF ICP BEGAN,AFTER PROGRAM CYCLE.II

INSTITUTION REPRESENTATIVES TRAINED AS AUDITORS COULD NOT CONDUCT AN AUDIT AT THEIR OWN FACILITY.

AUDITS GENERALLY WERE MORE GENERIC AND DID NOT ALWAYS'' DDRElp AN INSTITUTIOG'S*141fIC NEEDS.

N vl

NEW MEXICO

PSECS AUDITS WERE MANDATORY IN ALL PUBLIC SCHOOLS. THE SEC) CITED THIS AS THE MAI/SIREASON FOR HIGH PENETRATION

AND .INCENTIVE FOR PROGRAM' CONTINUATION.
.40

tTATE SUPPORTED SCHOOLS ARE REQUIRED TO REPORT ON ENERGY CONSERVATION ACTIONS IN ANNUAL BUDGETS.

.

.411

STATE USEOTHER SOURCES OP FUNDS TO SUPPORT NON-ICP ENERGY CONSERVATION PROGRAM FOR LOCAL

GOVERNMEIT INSTITUTIONS.

el
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NEW YORK

'TABLE 3,1 (CONTINUED)

SUBSTANTIAL STATE SUPPORT FOR ICP INCLUDED FULL TIME SEC STAFF OF 25.

41

ADMINISTERED MORE ICP FUNDS THAN ANY'OTHER STATE
1

: .

STATE APPROPRIATED PEA FUNDS PRIOR TO ICPJ SEO FELT THAT ICP WOULD CONTINUE EVEN WITHOUT

4
FEDERAL FUNDS.

SMALL, INEXPER4ENCED INSTITUTIONS SHOWED LOW PENETRATION BECAUSE OF EXCESSIVE PAPERWORK.

LARGE BUREACRACIES (E.G., ITEM YORK CITY) SNOW LOW PENETRATION FOR LOCAL GOVERNMENT BUILDINGS DUE TO

DIFFICULTIES IN OBTAINING INTERNAL REVIEWS AND CEARANCES.

MANDATORY PSECS IN PUBLIC ELEMENTARY SCHOOLS C6NDUCTEDLPRIOR TO ICP WERE APPROVED AS EAs,

AND THEREFORE THOSE INSTITUTIONS WERE ELIGIBLE FOR S DUPING CYCLE I.

OKALAVIA

Ilk 0 STATE LEGISLATURE APPROPRIATED NO FUNDS TO SUPP MP,

PROGRAM AUTHORITY WAS DELEGATED TO APPROPRIATE EXISTING STATE AGENCIES: DEPARTMENT OF EDUCATION..

11, BOARD OF REGENTS FOR HIGHER EDUCATION, OKLAHOMA HEALTH PLANNING COMMISSION, AND COUNCIL OF /I.DCAL

63yERNMENTS. PUBLIC CARE 1NSTITUTIOj$ WERE-OVERSEEN BY ICP CENTRAL OFFICE.
fi

ADMINISTRATIVE STRUCTURE-RESULTED IN DIVERSE TRAINING FORMATS, AUDIT' PROCEDURES, AND DATA

COLLECTION INSTRUMENTS,
/

RHODE ISLAND

IJTAH

a

t

ENERGETIC EFFORTS OF ICP DIRECTOR ACCOUNTS OR HIGH EA PENETRATION RATES, WHICA FOR BOTH

t SCHObL, AND HOSPITALS EXCEEDED 955.
'

INDErENDENT CONTRACTORS DEVELOPED
AND CONDUCTED AUDITS AND TRAINING, AND REQUIRED TESTING FOR AUDITOR

CERTIFICATION. ,

SIZEABLE STATE FUNDING FOR ICP"DUE TO DIVERSE RURAL CONTINGINO(OF NONPROFIT INSTITUTIONS.

.

INITIALLY SEO INVOLVED DIRECTLY IN TRAINING AUDITORS. CURRENTLY SEQ EMPLOYS STATE AUDITORS TO

$ONDUCT AUDITS AT INSTITUTIONS.
0. 4, I

MURIA

O . iED SOURCE OP AGGRESSIVE DEVELOPMENT Of NEW TECHNIQUESRAINING MATERIALS, AND MONITORING

ACTIVITIES,

SED camsuald COMPREHENSIVE GRANTS
MANAGEMENT AND GRANTS APPLICATION WORKSHOPS, PRE - TESTING OF

INSTRUMENTS,

V*--\

..-

.
.

SEO MAIN AINS AM ENEReGY CONSERVATION "HOTLINE., PREPARES
ICP NEWSLETTER REGULARLY, AND CONDUCTS

INFORMA ammo's dm gram( CONSERVATION.

t
s .

. .
.

THROUGHOUT ALL CYCLES, SEC MAtN9INED AN ACTIVE ROLE IN MONITORING INSTITUTIONAL. PERFORMANCE,

0
...,,-

0
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TABLE 3.2 (1481ER AND TYPE OE AUDITORS !RAINED IN 10

SAMPLED STATES

FLORIDAL

EA AUQITQRS TA ANALYSTS

NUMBER TYPES OF PEOPLE ,TRAINED RUMS TYPES OF PEOPLE' TRAINED

413 C2,D,E,F3 'iv 319 ,B

ILLiNois 2750 D,E 350 A,B5 *..

MINNESOTA 7344 A,B,C,D,E 654 A,B,E
i

AissouRt 664 A,B,C,D,E NA9
. NA9

NEW MExico 425 A,B,C,D,E . 35 ' A,B.Eg

NEW YORK 4610 A,B,C,D,E MA9 A,B'

OKLAHOMA Pug A;B,C7,D,E NA9 NA9

RHODE ISLAND NA9 C,D,E t .

LTAH 2668 C,D,E lOB A,B
.

VIRGINIA 1204 . A.B,C,D,E N/A A,B

CODE:

A. ENGINEER

B. ARCHITECT

C. BUILDING MANAGER

MAINTENANCE STAFF OR TECHNICIAN

E. ADMINISTRATIVE PERSONNEL (SUCH AS

SCHOOL PRINCIPAL)

, F.. OTHER (SPECIFY)

.
*O.

01

.0

FOOTNOTES:

175rop EAS PERFORMED BY INDEPENDENT AUDITORS

''FLORIDA REQUIRED MINIMUM YEARS BUILDING MAINTENANCE/MANAGEMENT

EXPERIENCE r

3FLORIDA AJ.LOWED ENGINEERING STUDENTS

441 CYCLES I & II

51 ULY FOR CYCLE IV

6REpoRIANG REQUIREMENTS 'ONLY

7NOT FOR THEIR OWN BUILDING

INFORMAL Timmins) COORDINATING AGENCY PERSONNEL PERFORM AUDIT* .-

-AS WELL, ANDISTAFF OF ENGINEERING FIRMS ALSO PARTICIPATE ON TAS

9N.A. INDICATES DATA NOCAVAILABLE Al Tmg TIMEOF THE ADMINISTRATIVE
/

PROCESS INTERVIEWS,
es.

ft

v

a ter

IMP
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Auditor and analyst training programs also varied by State. For EA auditors,

the length of training ranged from 4 hours of classroom participation to 40

hours of both classroom and building walk-through activities. The overage

training in the 10 States was 17 hours, and 7 of the 10 States included walk-

throughs as part of the training,. In 6 States, auditors were required to pass

a written test prior to certification.

Training for TA analysts was required sin 7 of the" 10 States. The length of

training ranged from 3 to 40 hours; the average being 12 hours. Only one

State included walk-throughs for TA analysts, and only one State required

analysts tqi be tested before they could be certified.

CONCLUSION: MO Officials Characterized the ICP

As a ffmutable P gram But The Also Identified
a ,er o mp amen a on *r., ems an ac ors
Influencing Participation Rates

Throughout the administrative process interview, SEO officials stated time

and again their opinions that the ICP was one of the best run and most useful

programs of its type. Ficivmver, several concerns about program designs and ,

procedures were reported, as .discussed in the following sections.

- 4

SEOs Identified Several' Impleinen a Problems

Major' areas of concern wet;e:

Timt)and effort put in to implementing PEAs, when little or
no use was made of them.

e

A

a Cumbersome nature of the process surrounding development of

the State Plans and their review by 00E.

a Restrictiveness of Federal Piram regulations..

Technical .4 adm.inistrative problems (e.g., lack o'f
consistency) involved in thesmanner by which institutions
estimate, utiire, energy..savings, as well as relatgd- quality

control problems With EA and TA reports

Inability. tot fulid. a large enough State staff to perform
timely, complete, and accurate technical engineering reviews

of. reports,' grant applications, and ECM pivject implementa-

tion. - .
,

Recurring changes in Program funding 'revels and regulations

without adequate notice to State offices.

a Lack of incentive fortticipattion by local govehinents or

public* care insti ns (which can. not apply for WI
vets).

49
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I
These concerns were viewed Targely as administrative details, and SEOpersonnel maintained that they' had no Substantial impact on participatinginstitutions' abilities to meet program objectives,

Certain Factors 'Influenced Participation Rates

Table 3.3 presents the factors perceived..by SEO officials as administrative,barriers to participation by instiiutions'.' As the table indicates, sanefacetors were evaluated by SEOs to 'be significantly more limiting than others.SEO officials reported that the .three primary acininistrative barriers toProgram participation by institutions were excessive paperwork oradministrative requirements, fear of Federal or State intrusion into theiroperations, /and lack of funds to meet the Program's 50% matcyorequirement.

Interviews with institution administrators confirmed these SEO percepf ions.
For example, stiveral EA-only sites reported that they did not contInue. withthe Program because the efforts' involved with the\applicatIon andrequirements would, in their opinion, exceed the benefit of the grant awardand/or the resulting savings. At scmelirger _hospitals and colleges that areexperienced in grantsmanship, it also was reported that the amount ofpaperwork was excessive in comparison lo the Program's benefits., Finally', itwas reported by many institutions that because the ICP funding cycles may havediffered fran their own budget cycles, they were unable to secfre the matchingfunds required for Program participation.

4'

SE0 officials also reported that ineligibility for CM grants for localgovernment' and public care fac-iliities reduced their porlticipation rates, ai_shown in the data presented in Table 3.4: Cycle I and II EA Penetration Ratesand the Reasons for High -or Low Rates.,

Co the other hand, 'reasons ..Cited for high EA penetration rates includedmandatory participation by State departments of *education, as .well aswidespread publicity and .Program marketing. Desptte the concerns raised bythe SEOs, institutions generally commented that the SE provided cooperative -,administrati e support whenever it was requested. , ..

5o .
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TABLE 3 3 ADMINISTRATIME FACTORS 'PERCEIVED" (IFFIC44S AS

BARRIERS Tp PARTICIPATION BY INSTITUTIONS

f

FACTORS PERCEIVED AS BARRIERS TO PARTICIPATION BY INSTITUTIONS a

FORMS AND REGULATIONS TOO

COMPLEX AND CONFUSING

FEAR OF INTRUSION BY STATE OR

FEDERAL GOVERNMENT

STATE SCHEDULE TOO TIGHT

HARDSHIP INSTITUTIONS COULD

NOT AFFORD PROGRAM

STATE LACKED PbRSONNEL TO

ADMINISTER, 1CP

INSTITUTIONS DIDN'T BELIEVE

EA/TA WOULD BE PROFITABLE

BUT DIDN'T SUBMIT AUDIT

INSTITUTIONS HIRED PRIVATE

CONSULTANTS TO PERFOR

STATE TRAINING TOO FAR AWAY,

OR.INCONVeNIENT

...

OTHER PROGRAMS CONSIDERED MORE

DESIRABLE

3'

4e

1

FL IL

2 1 3

3 2

2 Z

STATE HAD DIFFICULTY COMMUNI- 1 2

CATiNG WITH ELIGIBLE hNSTITU-" .

TIONS k

2 2

INSTITUTIONS ATTENDED-TRAINING. 1 2

INSTITUTIONS ALREADY ASSESSED/ 2 1

IMPLEMENTED CONSERVATION

OPPORTUNITIES

LACK OF INFORMATION ON THE' CP 1 ' 1

1 2

1

1

COE:

1. NOT A FACTOR

2. tiODERATELY IMRORTANT FACTOR

3. SIGNIFICANT FACTOR

3

MN

2 ,

5

1

2,

1

2

2

- NM, NY OK RI UT VA TOTAL SCORE

3 3 2 2.5 3 3' 25.5

3 2 2.5 1 2 3 , 3 234
-

2. P 1 2 3 2 1 X.0

2 3 1 1 1 1 2.5 16.5

'

3 1 1 1 2 2 1 16.0

2 2 1 1 ; 2.5
.

1.5

s A

16.0

3 .1 1 .3 1 ' 2 15,0

1 3 1 N/A .1 3 15.0

1 1 1,5 1 1 1 3 ift. 5

1 1 iv 1.5 1 ?.5 2 1- 14.0

1 1 ,1 1 1 1 11.0

1 1 1 1 1 10.0

N/A 1 1 , 9.0

AIL

THE HIGHER THE TOTAL SCORE, tHE MORE ,SIGNIFIAT THE B RIER IS AGROSS AJ..L 10 STATES SAMPLED?
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' TAW- ,CYCLE I AND II EA PENETRAIION. RATESRATES' AN15.REAiONS

pENfIPIED BY SEO-OFFICIALS FOR-HIGH OR LOW RATES

-

STATE

SCHOOLS- -...

PENETRATION RATE

REASON ,i

HOSPITALS

PENETRATION RATE

REASQN

.LOCAL GOVERMENT PUBLIC CARE INSTITUTE

PENETRATION RATE/ PENETRATION RATE
REASON REASON

FLORIDA . 6% 41312 1O% , 2022

ILLINOIS 432 48.61 0.9%

- No ECM $

0.3%

- No ECM $

niNNEsoTA

.

442 21%

.
.:

.

22%
.

-, STATE $ PROVIDED -

HELP OF LEAGUE OF

CITIES .

.

,-

4%

POOR COORDINATING

AGENCIES FOR PUBLIC

CARE
.

.

No ECM s

MusouAt3
.

. _

6

24:
.

.

o-
11%

- FEAR OF FEDERAL

INTRUSION

3
- No ECM $

3%

Nk9es
.

NEW 61C0

r

/ .

84%

- STATE CONDUCTED

EAs IN ALL PUBLIC

SCHOOLS (MANDATORY)

-. SCHOOLS MUST REPORT

ON ENERGY CONSERVk

TION AS PART Of

ANNUAL BUDGET PRO-

CESS

14%

- LACK OF INCENTIVE

- PROBLEM WITH MATCH-

ING FUNDS

.

1

41

- NO ECM $ -

.

,

,
.

%

.

2%

No ECM $

, i.

,

lik

p

.

HEN YORK 28% a 40% 20%

- No ECM $ . -
..

10-152

No.ECM s
t

.
,

OKLAHOMA 52%r

. .

10%

- HILL-BURTON AND

DAMS -BACON A DIS-

INCENTIVE.

121

- No ECM $ -

.-

30%

No ECM s

RHODE ISLAND
, ,

96%
.

100%
.

.25!" .

.
- LOCAL GOVERNMENT

LEAGUE DID NOT FOLLOW

THROUGH ON PROMISE

TO IMPLEMENT PROGRAM

1002. ,

.

UTAH . 292

- SUPPORT FROM STATE

OFFICE OF EDUCATION ....,

29%
.

A

3% N/A

VIRGINIA - 7%

.

72

_

61

- No ECM $ . -

, 12%

190-ECM $

qEA

'PENETRATION RATE IS DEFINED AS THE RATIO OF AUDITED BUILDINGS TO ELIO/Bit-BUILDINGS,

2fLORIDA RATE BY ELIGIBLE luILRIBA1

;As OF JANUARY 31, 1982: SCHOOLS: 572. HOSPITALS: 53%, LOCAL GOVERNMENT; 24%, AND PUBLIC;CARE: 23%.

52
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THE ICP ACHIEVED ITS PRIMARY GOALS?

The conclusions and findings presented below indicate that the Program has,
indeed, been achieving the goals Of helping institutions save energy, money,
and oil. The documentation of these evaluation areas is complex, and so the
order of the discussion is sumiari zed below: tj;

Conclusion: EA Rarticipants Experienced Limited Energy
Savings. (A brief discussTon of the finding's concerning the
relatively _limited EA sample analyzed) I

... A . .

Conclusion: ECM Grantees Saved Energy and Avoided Energy,
`Costs.

- ECM grantees achieved energy s41vings.

- ECM projects were - cost - effecti

ECMs paid back more quickly tt,an pro ections predicted.

Among ECMArantees, schools and hospitals' showed
differences in energy performance.

- Certain. tutors can. override attempts at energjf
ta conservation (results of the follow-up analysis to the

site visits).

-; Other studies support the value of participating in ICP.

Conclusion: ECM'GranteesiGreatly Reduced Their Oil Usage
It

Conclusion: Certain Factors Maximized the Energy
Conservationlroiential of ICP- Funds

- The involvement of personnel is as critical to saving
'energy as are% dollar investments or installation of
sophisticated equipment.

- Thorotxjh analysis of energy conservation needs as well as
selection of appropriate capital investments are central
to successful energy conservation programs.

- Effective O&M programs increlsed energy,savitxisV

- Ongoing mTitoring of energy performance is vital.

These topics are discussed extensively in the following sections.

CONCLUSION: EA -Participants Experienced Limited Energy Savings .

Institutions participating in the EA-only survey experienced m nimal energy

savings. At EA sites, a total annual savings of 6,620 mill on BTUs was

achieved, .or 0.4% of their pre-ICP consumption. Usage o electricity

53
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increased by 9,501 million BTU. ilost energy savings re achieved VI" natutfal
gas (21,245 million, BTU) and heating oil (3,705 mill ion BTU). ,

Possible Reasons for Limited Success

Since the EA-only site visit sample represents less than .04% of the total ICP
EA institutions to date, it is likely that the total BTU savings by EA parti-

dtcipante is substantial. However, during the site visits, the following
factors were observed to have an impiftt on energy savings at EA-only sites.

At EA stles, audits often had been viewed as a one-time
comnitment of effort,' and ongoing energy. programs, did not
result.:lhis was parti,cularly true at local government and
public 1-care facilities, where there were no additional
incettives for energy conservation (these institution types
are not eligible for ECM grants).

; 1.

.Many local governments conducted ''blanket" -EAs _at' all
facilities within their jurisdictions, and. consequently EAs
were conducted at some buildings (e.g., gmr,thouses, storage
buildings, motorpool garages, and city d* weth-- stations)
that are neither occupied nor monitored on a regular basis.
For example, at one EA site la convriunity center) that
not regularly occupied, lights were turned on throughout tife
building. The respondent, commented that bei ause. of the
building's irregular useapattei.ns, lights were turned on in*
the morning, and then turned off at night, whether or not
the building was scheduled for use.

In other cases, such as school 'districts, hospital
comple;es, and local gpverrvnenti, where audits had . been
conducted by-a central office or by an independent auditor'
not connected, with.- the institution, respondents were
unfamil Jar.. with EA recimmendations, or the fact' that EAs
actually had, reconmendations in them. At one hospital

icomplex, the respondent knew that 'audits h been completed
for e of the larger buildings, but, was su prised to learn
that t building selected for a site 'visa had even been
audited

!

CONCLUSION: ECM Grantees:aved Energyand Avoided Esvergly Costs'

!The subsections, that follow document the achievement6 this primary ICP goal;
some prov ide direct_ evidence ap others cdntain supportive information and
interesting analyses 'about, can onents of the Program. Tte LN, cs covered
include the energy savings of . CMArantees,..the cqst-effectiveness,of their
capital improvements, the ach ement , of their projected paybacks , the energy
say ings of schools and ,hospiti9-s tithe findings of thee Subanalysis that sought
to determine the, causes, of apparenrenergy increases in. certain institutions',

. aghievements.
and the result f 4pitrite studies that epresent..another- perspective on ICP

*,. .,..
I ,
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ECM' Grantees Achieved Energy Swings .
To meet one of the Program's primary goals of reducing energy consumption in

non-profit institutions, schools and hospitals received grants for the
installation of energy-conservation measures (ECMs) . The resulting 'energy

savingsrifran these efforts were the equivalent of 988,46lbarrels of oil per
year, and reduced their. average energy use substantially. . Total energy
savings are presented in Table 3.5. This table indicates that:

ECM grantees saved 5.17 trillion' BTUs from the pre-ICP to

post -ECM period.

ECM grantees saved an average, of 13.2%* of
consumption. The average energy use index

from 258,25513TU/fti-/year to to 229,129 BTU/
this period.

Among ECIegrantees ,. schools saved a total of
BTU annuall y and an avers gt of 21.6%
consumption. 2The average EUI for scoots
136,323 BTU/ft`/year to 112,663 BTU/ft'/year
program participation.

their pre -ICP
(Evi) dropped
ft /year over

3.13 trillion
of . pre-ICP

dropped from
during their

Among ECM grantees, hospital s saved a total of 2.04 pill ion
BTU annually, and an average of 8.3% of pre5ICP 'consumption.

The ,au age EUI dropped from 441,911 BTU /ft lyear to 405,551
BTU/ft"/-year during theiik participation.

TABLE 3.5.1.ENERGY SAVINGS OF ECM GRANTEES'

Trillion BTU Saved
2 Average Percent Savings

Schools 3.13 21.6

Hospitals 2:04 8.3

Total 5.17 13.2*p*
'Based' on ICP Cycle I apd II grantees Wiese ECM projects %ere complete as of
9/30/81.

2 From pre-ICP to, post-ECM period, based on evaluation of ejectricity con-
sumption at 11,600 BTU per kWh,.

*Based on statistical precision tests, the 90% confidence limits range from

9.3% to 17.1%.

.
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ECM Projects Were Cost-Effective

ECM projects undertaken by grantees produced substantial energy savings per
dollar invested. An analysis, of ECM cost-effectiveness for schools, hospi-

'' tai s, and total ECM grantees is summarized in Table 3.6. The following
canparisons of total dollars invested and 'total BTUs saved indicate that on
the average, ECM projects were cost-effective:

Total ECM expenditures' for ECM grantees were $70.7 million
(incl ding both the 50% Federal grant and 50% institution
matching ftinds)..

.

Based on total annual BTU savings of 5:17 trillion 13TUs, the
average gist per million' BTU saved .annually was $13.68.

Tp determine the cost per pillion BTU saved over. the- ECM
lifetime, an average ECM life of 1'0 years was assured.*
Based on a 10-year ECM life, the cost per million BTU would

/be $1.37.

V

a Since the Federal share of ECM projects was normally 50%,
the cost-effectiveness of, the Federal share of ECM invest-
m is was approx imately $6.84- per ill ion BTU. Over a 10-
yea ECM life, the Federal cos million BTU would be

$0.68 per million BTU. At mos aluation sites, project
cost overruns were estimated to be less than' 10%, which' were
absorbed' by the institution. When this is taken' into

account, actual federal i Vestment was somewhat less than

50%, and thirefore actual costs to the Federal government

weft proportionately less.

a The calculated ECM cost o
with 1982 national average
assumed' that total energy
fuel source, the $1.37 can
$20.01/MMBTU, heating oil at

$5.23001BTU, and coal at appr

$1.37/MMBTU compares favorably
prices.** Overall, if. it is

vings are attributable to sane
Compared. to: eleCtricity at
9.35/MMBTU, natural gas at

imately .$3.57/MMBT11***

*Ten years is Used as an average for an ECM baSed on engineering judgement
rathq than statistical or empirical data. ECMs may last fewer than three
years7 or more than twenty, depending upon their nature and upkeep.

**For most ECM grantees, 1981-1982 fuel data 'heive been
nstitutions`. baseline consumption data to calculate'
Therefore, comparison of cost savings and national fuel
expressed in ow prices.

compared to the
energy sav ing s,
prices also are

***dosed on 1982 national average, prices from Monthly Energy Review,
D0E/EIA-0031 (83/01)..

f
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When 1982 average national fuel prices are adjusted to represent the mix of
fuel types used by ECM grantees., the average cost of energy is. $7.89/MMBTU.

When compared to the ECM cost of $1.37 per Men saved, the result is that for

.ECM grantees, the cost of energy savings is extremely low compared to the cost
of purchasing additional energy.

TABLE 3.6

TOTAL ECM' EXPENDITURES
(Millions of dollars).

Federal Share
2

(Millions of dollars)

MILLION BTU SAVED (annual)

COST PER MILLION BTU SAVED

;annual) (dollars)

Federal Share 1

(dollars)

COST PER MILLION BTU SAVED
O'ER 10-YEAR ECM LIFE

(dollars) .

Federal Share
(dollars)

1Based on Cycle I and
9/30/81.

2Assuming 50% federal
pletion resulted in a

F

COST-EFFECTIVENESS,OF ECM PROJECTS1

SCHOOLS HOSPITALS TOTAL

45.24 25.47 70.72

22.62 12.73 . 35.36

3,131,907 2,037,746 -5,169,653

14.45 12.50 13.68

7.22 . 6.25) 6.84

1.44 1.25 1.37

.72 .62 68

II grantees %hose ECM

match; in some cases,
final federal share of

projects were completed a$ of

cost increases in prd5ect com-
less than 50%.

ECMs Paid Back More Quickly Than Projections Indicated

On the average, the actual time needed to 'my for an ECM investment through

energy cost savings (the ECM 'payback") was less than originally projected.

The average projected payback in ECM applicitions during Cycles I and I! was

approximately 4.5 years. Data Analysis shows that a total of .$70.7 million

went into ECM projects,` and that energy savings totalled 5.17 trillioelMU.
Applying 1982 national average prices to the mix of energy types yields an

average cost per million BTU of $7.89 for the -post -ECM period. At this price

level, the annual' energy savings of 5.17 trillion BTU would save 440,995,349
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annually, resulting in a,,simplie payback of 1.73 years. This is less than half
the originally projected payback of '4.5 years. Assuring a 50%. Federal share
for ECMs, the federal payback becomes 0.86 years. Table 3.7 highlights these
findings. The reduced- payback finding may be partially explained by the fact
that regulations called for simple payback" calculations on Ecm applications,
meaning that energy prices were assumed to stay constant. Since increases in
prices for electricity, gas, and other sources have increased the dollar value
of BTU savings, the calculated payback is reduced proportionately.

TABLE 3. PAYBACK CALCULATIONS FOR ECM INVESTMENTS1

TOTAL ECM EXPENDITURES
(Mi 11 ions of dol lari)

Federal Share
ions of doll ars)

MILLION BTU SAVED (annual)

WEIGHTED PRICE PER
MILLON BTU (in dollars)

ANNUAL ENERGY COST SAVINGS
(Millions of dollars)

SIMPLt PAYBACK

SIMPLE PAYBACK ON
FEDERAL SHARE

SCHOOLS HOSPITALS TOTAL

45,24 25.48 70.72

22..62 12:73 35.36

3,131,907 2,037,746, 5,16'9,653

7.89 7.89 7,.89

24.83 16.15 40.98

J
1.82 years year, 1173 years

0.91 years 0.79 years 0.86 years

1Based on Cycle. I and II grantees whose ECM projeds were .complete as of
9/30/81.

2Based on average prices for 1%2 applied to actual mix of post-ECM energy
types, weighted proportionally to BTU consumption. Price data taken from
Monthly ,Energy Review, U.S. DOE/EIA-0035(83/01).

(`-
'
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Among'ECM Grantees, Schools and Hospitals
Showed Differences in Energy Performance

On some measures of conservation performance, schools were more effective in
saving energy, and hospitals did better' on others. An examination of energy
savings by. ECM grantees by institution type reveals that schools aved

approximately 21.6% of their pre-ICP energy' consumptionv while hospitals aved

an estimated 8.3% (p4.05)*. However, hospitals display greater cost-
effectiveness for their ECM dollars, averaging $12.50 per million BTU saved
annually as compared to $14.45 for schools.f ,

Several factors were observed to, have an impact on the differences in energy
conservation performance for schools and hospitals. First, hospitals' overall
energy usage tends to grow as new equipment and services are added. This

t. results in a rising "baseline" against which energy savings are measured, and
thus reduces the apparent effectiveness of a given energy saving measure.
Second, hospitals are more energy intensive than schools, due to the presence
of a much *greater amount of energy consuming equipment in hospitals. This
means that the same amount of BTU savings represents a smaller percentage of a
hospital's total energy usage than a school's. Third, hospitals experience
several restrictions on their operating patterns, dictated by such factors as
Federal/State regulatory standaidt for ventilation, infection control, and

patient well-being, and also have strict requirements for climate control
(e.g., operating roans, computer centers, diagnostic equipment) in order to
carry out , their prime mission of health care delivery. Therefore, although
hospitals atfempt to reduce operating costs, energy conservation may not be
considered as important an objective as, for example, patient comfort,
security, or convenience.

Finally, energy consumption and costs are more visible and easily identifiable
in school budgets, and are more easily controlled by adninistrators. In
addition, energy consumption may account for a larger percentage of school
budgets, and more innovative and non-restrictive opportunities exist for
energy savings in this type'of institution.

f

*p<.05 indicates that the difference between the two percentages is statisti-
cally significant.
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Additions of Unassessable Aunts of Energy-Consuming
Equipment, Inadtclisar tely Projected Savings and a Lack
of Effective Energy Man ag wen t Can Offset ECM Savings
At Complex Facilities

Analysis of the follow-up site visits to ECM ,grantees that increased their
energy consumption from the pre-IC1) to post-ECM period reveal that ECM, savings
cart be offset primarily by three major factors: (1) additions of 'unassessable
amounts of energy - consuming equipment; (2) inadequately projected savings,
and; (3) a lack of effectitre management. Findings from the follow-up site
visits are described below, and supported by five case studies presented later
in. this chapter (Case Studies I-M) . The returh site visits also afforded the
evaluation .team the opportunity to confirm its original evaluation method-

ology, which is explained in further detail in the preface to these case.
studies.

Additions.of Unassessable Amounts of Energy-Consuming Equipment

Analysis of the follow-up site visits to ECM grantees that increased their

energy consumption from the pre-ICP to post-ECM period showed that complex
facilities (e.g., hospitals) tend to continuously add energy consuming equip-

ment without maintaining records. This prohibits an accurate evaluation of
ECMs based on the comparison of total building energy consumption over this

several year period.

Further., it was observed that individual metering or performance
instrumentation on ECM projects which could permit savings measurements is

seldom installed. In some cases, changes in operating procedures after ECM
installation may actually cause reduced overall system efficiency, which

cannot be assessed without instrumentation. Also, the normal degradation) of

ECM hardware efficiency with age and normal drift of control adjustments

frequently cannot be detected without instrumentation.

Inadequate Projected Savings Data

Additional findings from these return visits suggest that inadequate data on
projected energy savings also compounds the difficulties of measuring energy

savings at complex facilitieS. Technical analysis reports sometimes fail to

present the projected energy savings in energy units for each recommendation

so that the savings from a combination of installed projects may be deter-
mined. Without this information, the apparent subsequent results cannot be

evaluated for accuracy.

Lack of Effective. Energy Management
I

Lack of an effective energy conservation program directed from the hig st

management level of an organization . can fail to provide enough skilled

personnel to achieve energy-saving preventive ,maintenance, equipment fine-
tuning, and hardware experimentation. At samel,, facilities, the demonstrated

savings potential could more than support the salary of an additional person
to achieve the potential result, but this concept is not as readily grasped by
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management as is the concept of hardware purchases: Perhaps this is largely
because management has historically consideral the role df maintenance as
simply to keep systems running, Now that energy costs are significant, the.
additional burden on maintenance personnel (and operators/occupants) is. to
assure that the 'systems not only run but that they do so efficiently. This
calls for a considerably expandqd maintenance effort, and frequently for
higher skill levels and/or more pef-sonnel than management may have come to
appreciate.

Other Studies Support the Value of Participating
In Advanced Phases of the ICP

The studies, summarized below, while they cannot be tied to -tic evaluation
findings of his report, do provide another interesting pirsp.ective on the
IC Pi s ac hiev efient

gr

Maryland Schools--&- study
related data fran more th
statewide reporting system
1978-82 period. Their. analy

by UII, Inc.* of energy and
1,400. schooll*.'in the mandatory
alyzed energy use data for the
es show thht:'

- ECM grantees saved a total of 26.94% of their effigy
use from 1978 t9 1982.

- -Non-participants Saved 12.5% `over the 1978-82 period.

Minnesota Schools- -The State Energy Office** collected data
in a voluntary survey of 173 ICP participants in the EA, 'TA,
and ECM phases. While this survey does not compare partici-.
pants to non-participants directly, it does provide a basis
for comparing ECM grantees to other participants. The

analysis shows that:

- ECM grantees saved an average of 14.1% from the 1979 to
1982 period.

- The group of 473 survey respondents as a %hole saved
10.7% over theIA.79-82 period. ti

AO,

*Energy Conservation in Maryland Public Schools prepared for
ment of Energy by--Unified Indttries, Inc.., March 1983.

**Minnesota Department of Energy, Planning., and Development,
. Institutional Building Grants Program: Phase Two Pre

(Drat) 9 April i, 13.
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Operating

4

AMA- Member Survey - -The knerican Hospital Association
undertook a survey of various energy-related data from its
members. 0 findings (based on 1980 data) include such
facts as:

1

N .
1

- Operating and maintenance improvements occured 'at a 25%
higher rate among ICP-participating hospitals than among
non...participants.

In; house energy audits were conducted at
higher at ICP-participating hospitals.

- Consultant energy and s occurred at mate
among ICP participants

energy improvements
ICP participants.

a rate 64%

200% higher,

Capitil expenditures occurred at,
a rate 46% higher among

ECM Grantees Greatly Reduced Their Oil Usage

Reductions in oil use were the 116Nt outstand14 feature, of the energy savings
analyses; grantees saved more oil than aviLNother energy source: As m tioned
at the outset, the ICP's ranking methodology for ECM applications was designed,

give priority to those measures. projected, to save the greatest amounts of
11. This objective was, realized by the Program as shown by these findings:

110

Oil usage reductions by ECM grantees totaled 11.77 trillion
BTU annually, or an estimated 2.25 million barrels of oil
per year.

Natural ges usage by ECM grantees increased by a total of
8.78 trillion BTU; this was observed to be due primarily to
a large number of oil-to-gas boiler conversions. However,
adding the gas usage, increase to the oil use reduction
yields a net BTU savings of 2.99 trillion BTUs.

&livings n other energy types were _minor approximately 2.18
trillion BTU for electricity, LPG; coal , and purchased steam
combin . .

When oil use reductioni` are viewed separately from other energy sources, it
can be said that ECM expenditures of $70.7 million resulted in the reduction
of 2.25 million barrels of( oil use annually; this average $31.42 per annual
barrel., Over a 10-year ECM life, the cost per barrel is $3.14; and the cost
to the Federal government (assuming a 50% share) would be $1.57.

Certain Factors Maximized the En Conservation'

o en

The ICP definitely _resulted in
institutional persOnnel--eith
interested anal ysis=used ICP f
maximize savings. ThbseECM gr n

ergy, oil, and dollar savings, but some
through good fortune, dedication, or

ds in a particularly cost-effective way to
tees who made the bests use of dil igent energy
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managetS;. undertook accurate and building-specific energy analyses, and
installed appropriate ECMs, persevered in the conduct of operating and
maintenance techniques, and monitored energy usage showed overall greater
savings. Findings on these topics are presented in the sections that follow.

The Involvement of Personftel Is As Critical

to Saving, Energy As Are Dollar Investments
and Sophjsticated Equipment

Coninitted Leadership Saves Energy
r-4,-.........,

Throughout tithe evaluation it was seen that energy performance wes related to
the level of commitment of the designated energy. manager to the program.
During the field surveys respondents were rated excellent, good, fair, or poor
in terms of their overall involveinent in energy management. Institutions
rated excellent experienced /average savings of 19.8%, compared to 9.0% for
other respondents (p<.05) . for schools rated excellent, average energy
savings was 20% compared to 12% for thdse rated poor. At hospitals exhibiting
high levels of involvement, average savings was 25%, whereas low levels of

involvement experienc 10% savings.. This is a strong indication that admin-
istrators who exercis leadership and are involved directly in conservation
constitute an importa element of successful energy programs. Figure 3.1
graphically compare% The energy savings and cost effectiveness of these ECM

grantees. As the figure shows, highly involved energy managers at hospitals
can improve energy , savings by 250%, since the complex nature of hospital
energy systems repquire constant attention in order to maintain energy
efficiency.

/
Managers Can Save Moie Energy
Than SAme Sophis 'tica 'ted Machines

-
\S

This finding was, particularly visible at -those sites where ECMs included the
installation .bf sophisticated energy management computer systems (EMCS). The
daily efforts of a frry technically canpetent and effective energy manager to
make sure energy equipment functions' efficiently can improve the level of
energy savings. Much of these savings can be attained by implementing
preventive maintenance (PM) practices and improving operational procedures.
Large reductions cantir achieved initially by such simple means as installing
time clocks, or by assigning one maintenance person to tindaily patrol of
buildings for the purpose of making equitment, adjustment., and detecting
equipment inefficiencies and malfunctions at their onset.

Once these management efforts are in place, additional energy savings can be
achieved by Incorporating, several ECM, the most costly being a top-of-th?-

0!°.# line computer-based eery mapagement system. In one institution, although' a

computer system provides 'desirable features such as control monitoring and
remote resetting capabjlities, it has not. contributed to further energy
savings at the sane rate that the efforts of the effectiVe, manager had
achieved. over -a 4-year period of concentrated conservation efforts (a 75%
reduction). This may be accounted for by the fact that the computer system
assists the manager in maintaining energy systems, but does not identify
additional conservation opportunities.
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FIGURE 3.1
IMPACT OFJALITY OF ENERGY MANAGER ON .ENERGY PERFORMANCE

Question: Was The Energy Manager Rated Excgllent?

9.0%
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YES' NO14
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25%
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At. several other institutions that installed computer-controlled energ.
managem,ent systems, a variety of conditions prey nted maximum efficiency ande
savings' from the equipment (e.g., manual override of controls, improperly set

emtimeclocks, cycling of systems in unoccutfred are s, and failure to connect
some energy systems to the computer) . oir

The Organizational Level of the Energy Manager
Can Affecflnergy 5avinss

In addition to the level of dedication by energy managers, the position of the
energy manager within the institution's organizational structure can have an
impact up-on energy savings. Three variations 'of program, management are
described below. 1 ..

-->.

On-Site Management'
e

$

At many rural school diStrict it, the Superintendent he's responsible for all
aspects of the .schOols' operations, incling energy Conservation activities
and budget management. In'-most of these situations, the superintendents had a
very gecd knowledge of the positive 'effects of ene y conservation
operating budgets. M3st respondents were pleasantly surpr ed with the st
savings that resulted frcmtheir energy conservation activiti when viewed in
terms of their avoided energy costs.k. .

The result, ih these cases, was generally a sincere and continued commitment
to energy conservation. In addition, these respondents often reported that
their energy and cost savings prompted their school boards to make firm
financial commitments to energy conservation.

1 *

Centrally Located Off-Site Management 7-
Man y school districts and local governmenti often
manager to oversee conservation activities in all
diction:* Often the energy manager is a supervisor
wlio has little contact with daily buildin6 operati

int a central energy
s within the juris-
ildings, and grounds'
Although there are

some benefits to this type of management, such as the capability to review
vendor proposals and purchase equipment econcmicially, there are several
areas in which this of management may reduce the savings potential. For
example, such a ma ager has no direct daily authority over personnel who
operate a variety of uildin s and typo have little knowledge or experience in
energy conservation. The result is that more energy may be wasted with poor
daily control than the energy manager is saving through w4se purchasing. Case

Study A pruents a further example of--tFir'silruation.

In a similar*situation, a school district administrator concerned with heys to
save energy dollars was reasonably well informed on general technical methods.
However, the management approach was to allow each school principal to handle
energy conservation within his own school. The results varied.,greatly
the schools, as shown in Case Study B.

4e
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Internally Delegated Management

Putting the responsibility for energy costs directly into the total operating
budget of each department at large hospital complexes and at universities and
then returning a portion of conservation savings to that budget the following

year was found to be an effective. incentive: Many daily procedures account

for the bulk of energy results, so that tying responsibility to the manager
who has daily authority over his facility's operation can produce good results

at relatively low cost. It is likely that this opportunity for the manager to

see the direct relationship between energy conservation actions and costs
provides additional incentives toward savings.

0

....1--/°rough Analysis of Energy Conservation Weds
s well as Selection of Appropriate Capital Investments

Are Critical to Successful Energy Conservation Programs
,

The Quality andUse of Energy Analyses Varied Considerably

4
It was discovered during site visits that the quality and use of energy. audit
information and of TA analyses varied to a 'great* extent from one institution

to another. Various aspects of this .problem are worthy of discussion, which
is presented below. --16

Analyses Often Were Not Building-Specific

EA and TA reports prepared for IC P participants varied greatly in quality,
scope, and effectiveness. One cannon pattern observed. during site visits was

that energy auditors and TA analysts tended 'to recommend the sane O&Ms and

ECMs at ail buildings. In cases of buildings that are very similar this

practice may be .acceptable, but most seemingly "similar" buildings are in fact
quite different in their energy' character due to the variations in mechanical

equiptent, utilization, numbers of users, operating and maintenance condi-
tions, siting, and other factors. For energy audits,' this' appeared more
frequently when an outside auditor ceaducted EAs in a large number of dif-

ferent typis .of institutions located in the same geographical location (e.g.,
the northwest part of a state). ..In a few cases, improper recommendations
'(e.g., gymnasium lighting modifications in a library that did not have a

gymnasium) resulted..

EAs Often Did Not Serve As Educational Tools

Many respondents were unfamiliar with .speOfic EA recaanendations,, and it is
doubtful that most energy auditors spent any significant time with institution
management, much less maintenance management personnel, to effect agreement

and motivation for optimum application of the EA recommendations. this situa-

tion was seen in several institutions. At same institutions, where the E had

been completed a number of years prior to th site visit, respondents ften

were unaware of the O&Ms that had been recomne =a. In sane cases, cific

changes--such as. replacing 40-watt fluorescent bals with watt -saver 'bulbs- -

had been incorporated into the regular maintenance program. Flowper, lack of

124
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attention to many ongoing O&Ms such as recaulking, weatherstripping, turning
.o lights, and lowering thermostats and. domestic hot water temperatures was
ev ent.

EAs Oid Not Guarantee the Implementation of O&Ms

Where effective long-term O&M effort exists, it to s to be -due to the
technical/energy conservation orientation of someorie a the facility who is
operating in an effective management role. The EA may have accelerated the
identification of apprqpriate actions for this individ 1, when an energy-
conservation advocate existed at an institution. On its wn,' the EA did not
guarantee the implementation of no-cost or low-cost conse vation activities.
For example, it was observed that at 41% of both EA and E sites many recom-
mended' O&MS were not maintained, and that 62% of all sites h not implemented
any O&Ms beyond those recommended in the audit. In fact, man ems at ECM

76s-ites often freely admitted that the need to implement the \p&t.ft was viewed
largely or totally as administrative "hoop-Mping" 'in order to pply for TA
and ECM funding.

TAs Often Failed to Analyze -a
ComprehenSive'Array of ECMs

Similarly, TA analysts often either recommended the same ECMs for a variety of
buildings, or provided detailed analysis for only a single "favorite" ECM (See

Case Study.C). For example, it was seen that only 42% of reviewed TA reports
recommended a full range of possible ECMs from which, to select projects fore
fu t 'ng. ,. One SE0 official contended that for certain analysts, recommended
E could be predicted prior. to reviewing sutmitted TAs. It seems reasonable
t at at i'' niartm, the TA for such buildings should examine a relatively /large

-"lumber of. ssible ECM choices and a demonstration of nonsuitability should be
given in t e TA for those ECMs ultimately relected, as well as detailed decu-
arentbticm on theirationalt for selected ECMS.

414 .
.

Maly Th f+Oglected the O&M Aspect of Energy Management

Finally, mainly institutions perceived, tte purpose of t TA as qualifying,the'
institution to apply for ECM grant money. Thus, the overriding emphasis of
the TA analyst in such cases was apparently to identify capital improvements
that could save energy, rather than to present institutions with comprehensive
energy management programs. Although the primary purpose of the TA was not to
identify O&Ms, the most effective TAs ;, were those that presented an energy.
analysis of the "total" facility. Ftr example, while some orall of the ECM
expenditures', theoretically were productive,, approximately 50% of the ECM

grantees provided evidence to the evaluation tear that additional O&M efforts
may have been more appropriate than the implemented ECMs." Overall, these
grantees showed -average energy savings of 1.7% at 'a cost of $33 .44/tl8TU
'saved. On the other hand,..at ECM grantees where the need for add it onal O&M
efforts was not evident, average savings were 9.8% at a cost of $1 .76/1401IBTU
saved. Energy savings for schools and hospitals in these categories, ,as
presented in Figure 3.2 further support the finding that there is a continual
need for more and consistent O&M attention. Such attention might result in

3 -25 67.

ii



FIGURE'3.2 .

IMPACT OF OVEREMPHASIS ON ECMs vs.'014MS ON ENERGY PERFORMANCE
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thes0/Ms *outsavingm the more costly. ECM Oxpenditures. This is further illus-
. trated' by the. fact. that, only 39% of the reviewed TAs recommended% 0A/4s beyond

the EA. In addition, sites whose Tits identified additional 08,/4s showed an

average of 16.-415, savings, while the TAs not recommending additional 08Ms

showed an average' of 10.3% savings. At hospitals, wherFdaily O&M attention
is essential to the afficiencygrcomplex energy systems,,TA analysts may have

had too, little contact with on-site' operating personnel to provide those
personnel with technical assiistanci.that would improve their energy conserva-
Vial skills. This was evidenced during the TA review by the evaluation team

which indicatW that mere TAs aid recommend O&Ms beyond the EA, energy

savings were -alinoit double the energy sdliiiigs achieved by hospitals whose TM
did not consider additional O&M actions (see Figure 3.3).

TAs Often Werd Not Examined Analytically

By Iiistitition Staff
b

The site-visit teams learned that few TM wefle 'carefully studied, challenged,
or made widely available within institutions for coordination and review

before ECM grant applications were submitted. This was particularly true at

irpcttOols Where TA analysts subnitteci 'their, reportt directly to DOE, and also
wire/ responsible fOr preparing and submitting grant applications.' At some

. schools, TA analysts failed to 'seek pertinent information fiscm building

A- occupants and maintenance personnel or to review the recorribended ECM with,

them, Not only did same respondents disagree with' certain reccamendations
that iere made without-their knowledge, but also, this lack of conmunication
led ,to incorporating ECMs that lontributed little to energy conservation, or

1. required extensive corrective action. Examples of -this situation include:
A installation of vestibule doors .at entrances that had a hittory.of non-use due

to the area of the school at which itpey were located; incorporation of a time

clock on a . domestic hot water recirculation pump, even, though 'maintenanck

:
. personnel' kept .theplanP/ permanently turned off; and reconmindatioh of a boiler

stack damper that could not 6e installed due to safety considerations. At

schools where it 'was observed that alternative ECAWs could have been more

appropriate, enerqy savings averaged 12%; where appropriate ECMs bad been

instal l.ed at schoon, the average savings was. 20%. Therefore, it is likely

0

.
-r personnel , energy ,results"' could have improved..

that had some TA analysts coordinated their. efforts with institution

IP

I

. .

Factors 8e des Conservation and Payback ,
.

.

Influenced E election 1k.,''
, . .

In Wdition to .the ,)back limitations for ECM pt5ects, respondents reported
, , ,

a mother- pf other f tors that influenced their selection of ECMs for ICP
fund4n9. 'These fact s included: .. ..,

I ,

,-t The availability of matching funds,

The degree ..fo which the building's normal operating

schedules woulp be d srupted for ECM installation,

The operating' condition of existing energy equipment and the
degree to which some equipment wculd require major repairs

. or ,replacement within the near furture, anal
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FIGURE 3.3
IMPACT OF O&M FOCUS IN TAs

Question,: Were 08sMs Beyond The EA
.

Recommendions Included n The TA Report?
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The degree to which the institution would consider install-
) ing the ECM with -their own funds.

ECMS Observed Were Classified by Type

ECMs observ,ed.during site visits were char)o.cle0410 by type, and included:

Modifications of the building envelope (structural modifica-
tions to windows, doors, roofs, and Wel S)

Mechanical systems (boilers, pups, HVAC systemi),

Lighting / (reductidns
.._.--fluorescent) , and

. ....--
Special systems (solar and other alternative fuels,

kJ tchens , laundries , and swimming pool s) .

and conversion from incandescent to

Certain ECMs Were More Popular Than Others,
But Were Not Necessarily the Most Effective

Combinations of these fur ECM types form 15 categories. Of the institutions
that installed onlybone ECM, 21 were mechanical ECMs, 8 were envelope ECMs,

.----- and I involved lighting modification. However, most ECM grantees installed
multiple ECMs. The most popular combinations of EC/4s were envelope and

meFhanical measures (27 sites); envelope, mechanical, and lighting (18 sites);
and mechanfcal and lighting (12 sites) .

During, site visits, it .was observed that automatic controls for poilers and
HVAC systems were most popular mechanical ECMs. These included time
clocks for automatic cy ing of energy systems and conversion of oil burners
to natural gas with oil f backtp.4 Envelope modifications often involved the
reduction of winddw areas ith insulated panels. Some respondents at schools
commented that an initial far of a lack of visual access to the outdoors from
these ECMs was quickly/rep"' ced by more attentive students and more comfort-
able classrooms. 6 Other en elope measures included vestibule installation and
cei ing and wail insulat n. Lighting modifications included the conversion
of pandescent to `fl escent lighting and the reduction of lighting through
del ing or replac g existing bulbs with watt-saver bulbs. One common

problem identified ith delamping was4.that although bulbs had been removed
from fixtur s, ball tsiiad not been, and therefore,: potential savings were

11not being ac ieved. Examples of speci systems ECMs were solar swimming pool
heaters, ex st hea recovery units, nd a sawdust fueled boiler.

It Was Often Impossible
Savings Generated by a

Since the structure of, .
out an institution, the
recommended in, EAs and

,\ impossiblb to identify

inpoint the
ific ECM S

ICP promoted multiple conservatjai tivities through-
contribution of either O&M gri. s or multiple ECMs
TAs both federally and non-federally funded, made it
savings due to specific ECMs. During the ECM site
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visits, more than 50% of the respondents reported that 0&Ms were ongoing and
45% of tt* sites were involved in additional energy conservation activities
concurrent with ICP. Fbwever, only .18% of the sites had specific metering
capabilities. Therefore, in most cases, it was not possible to determine the
actual savings of a specific ECM. However, it was possible to 'evaluate the
improvements in building efficiency during the ICP participation period.

At e of s, the 4 most popylar categories of ECMs were (1) envelope and mecha-
pica 2) envelope, mechartic,a1 and lighting, (3) mechanical, and (4) mechani-
cal and ighting. A suninary o energy savings and cost-effectiveness is
presented in Figure 3.4. These daa show that for schools, ECM popularity and

ing the more popular ECM categories achieved' the least savings). Ho ver, fore
resulting energy savings have an. inverse relationship (e.g., sc install-

hospitals, ECM selection shows a direct relationship with overall building
energy savings, which suggests that hospitals may have had more technical in-
sight into the energy efficiency of selected ECMs prior to installation. ECM

selection for both school's and hospitals shows no correlation with cost effec-
tiveness pinch is due primarily to the fact that actual cost-effectiveness
cannot be assessed prior to installation and operation of ECMs.

ECM Quality Was Good

Generally, the quality of `ECMs was observed to be very good. Sixty-four per-
cent of the projects, were rated excellent of good in terms of their operation
and yo ereas only '4% were rated poor. Only 12% of the respondents
reported any p blems, although the evaluation teary observed operational and

Lr-- upkeep problems at approximately 20% of the sites. This difference can be
accounted for by the . ladk of technical and/or engineering knowledge on the
part of the respondent.' ,Problems most often occurred at those sites where
advanced technologies and innovative ECMs had been installed, ang both
contractors and maintenance staff were unfamiliar with them. The effAts of
these problems usually was evidenced by energy savings that were far below the
projected savings. For example, at schools where ECM operations and opkeep
were rated excellent, average energy savings were 22%, as opposed to, those-...
sites where problems were observed, which averaged only 11% savings' For
hospitals rated excel ent, energy savings were 21%.

c
Use of Advanced or Unusual ECM Benefits
From Prior Proof /f Performance

Where advanced or unusual ECt4t are installed, their performance may better tbe
assured by using a contractor with previous -experience with the ECM, or ).y
requiring prior proof of the -ECM's energy performance. If this "track record"
is not available, then the institution involved should be adequately cautioned
that such an undertaking is a research and development project and that they
should have follow-on funds identified and available to assure eventual
success. In cases where new and innovative ECMs have been installed, design.
and operational problems often have been encountered. For example, at omit".
site, a sawdust boiler had been installe1"--to replace the School's fuel oil
boiler. It was determined subsequently that the combustion rate in the saw`
dust boiler limited the output to about one-third of its capacity. Insuffi-
.ciept consideration had been given to the groblens associated with moisture
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content of the sawdust. Although ..preliminary anilysis projec total
replacement of fuel oil, the school had reduced its fuel consumption by only
50%. At the time of the site visit, the school was in the process of inves-
tigating the costs for optimizing the system't efficiency. Even though school
officials had no specific estimates at that time, it was concluded that the
cost effectiveness of the ECM was greatlx reduced. Other innovative ECMs
encountering problems included incinerator heat recovery, exhaust heat
recovery, and sane solar applications.

On the other hand, one school was visited that installed a boiler interconnect
system which, it was--estinAiteizi, could elimirrate simultaneous operation of half
of the school's boilers. Although initial problems were experienced, the TA
analyst worked closely with thei.ibbtractor to correct the system, and within
the first year of operation the school showed a 36% reduction in energy
consumption and had saved $35,000 (see-'Case Study E).

a

Effective Operations and Maintenance (O&M)
Programs Increased Energy Savings

I
a

Field survey teams observed that several ECM granteet were not maintaining the.
O&M measures recamiended in their energy audits. This group saved an average -
of 3.2% compared. to an average of 15.6% by ECM granteh *observed to be keeping
up with the O&M measures recamiended in their audits (p.05). ECM grantees

I , observed to be maintaining O&M measures beyond those resulting, from the energy
audit experienced 15.9% average- savings, compared to 7.7% average savings for
those who did not pursue O&Ms beyond the energy audit (p<.05)--.

This difference is also visible in the area of colt. Grantees maintaining
their enerty audit O&Ms spent $27.79 per MMBTU saved by their ECM projects,
versus $10.52 per MNBTU for those that .did not maintain their O&Ms. Those
that pursued O&Ms beyond the energy audit spent $27.60 per t4IBTU saved.

This relatiOnship between strong O&M prog
true when schools and hospitals are exath
and cost-effectiveness data displayed in
extent to which neglect' of O&Ms reduces
evaluation team..

rams and energy savings also holds
ined .ifidependently. Energy savings
Figures 3.5 and 3.6 indicates the

-energ, savings as observed by the

lit is clear that thorough, ongoing O&M efforts are associated with greater
energy savings, and that. ECMs can be more effective when supported by a strong-
O&M program. ECM grantees selected certain ECMs fbr various 'easons, and the
most popular were not always the most efficient. However, selection and ,
maintenance.of ECMs are essential to the achievement of a successful energy
conserve ion program. As .

Ongoing

Ongoing
success
par ing
methods
quickly

1,

Monitoring of energy Performance Is Vital
.4*

monitoring of energy consumption provides the basis
of an institution's energy conservation program.

monthly fuel bills and adding /equipment metering
for identifying the areas of pbtentially greatest
pinpointing consunption-increasing problems.
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FIGURE 3.5 IMPACTS OF MAINTAINING O&MS

Question: Is There Clear Evidence That O&Ms Are Not Being Maintained?
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had a majors effect on energy savings.
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FIGURE 3.6 IMPACT OF THOROUGH O&M PROGRAMS ON ENERGY PERFORMANCE

-QUestion: Was There Evidence of Additional O&M Activity Beyond the EA Recommendation?
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Mogita;ing and Meteri Save Energy I

The ECM grantees that maintained records of energy use and used those records

to measure energy performance experienced. highs levels of energy savings than

those that did..tiot monitor. Data analysis.. Shows that grantees conducting

monitoring saved. average of 11.9% as opposed to 7.5% for those that did not

monitor (p..05). Monitoring activities. also had an impact on costs, as

.evidenced by costs of $13,52 per ROM for institutions, with monitoring and' e-

$97.74 for ,t448TU for thoge without monitoring.

Grantees with special metering showed an average savings of 20.1%, compared to

9.4% for grantees without special metering (p<.05) . Energy costs at inttit,tfr

tions with special metering were $13.,05 per MOTU saved, compared tb $24.44

per 1418TU saved at institutions without speci41 metering. Ffigurto 3.7 and 3.8

summarize the impacts of monitoring and metering on energy Performance for all

, ECM grantees; as well as for schools and hospitals.

Schools that monitored energy ix(rforniance saved an average of 20% at a cost of

.$17.56/t4113TU saved., Schools that did not monitor saved an average of 10% at a

cost' of $60 . 89/14148TU saved At --school s where spec ial metering. was ev ideit
energy savings were 20%, and 14% at-schgols withput special metering. At

hospitals, where 'energy consumption was moAitored regularly, savings averaged

9%, as compared to .1% savings fot hospitals that not monitor.

Results Must Be Analyzed and Applied

Although the EA, 1A, and ECMs were intended collectively to facilitate- reduc-

Aions in energy consumption very few institutions have the achinistrative or

mechanical capacity for systematically monitoring and controlling the majdr

factors *that may cause high consumption. In the cases where monthly,

seasonal, or more normally, annual monitoring of consumption is performed,

there does not semi to be an effective appli tion of the resulting knowledge

for the purpose of reducing energy consumption. Whereas 47% of the ECM sites

reported sane type Of monitoring activity, only 17% actually metered energy

performance. It doubtful that timely binv tigation and correction of

inefficient,ohardwareloperatipn is resulting fr the monitoring activities.
For example, one hospital that included dail monitoring of electricity
consumption, peak demand, and temperatures on hourly basis simply stored

the results in a desk drawer. * attempt was made by the maintenance staff to

use the monitoring reports for energy conservation.

Theoretical Savings Often Are Not Challenged
.1

Many managers, perators and maintenance personnel feel ccmfortable that

energy is being ved after ECM ,activity solely 'because the theory and paper

calculations sad it should be so. Lark of interest in confirming the exis-

tence/or exact levet of savings and in identifying potential ways to fine-tune

performance is fairly widespread. During site interviews, when respondents

wenp asked how much energy they tho ht was being saved, only, .14% of the

resOndents were axle to report a centage of say ings without referring to

records. *ere automatic device or systems have been instal led to manage

4 energy consumption, this "blind faith" is even more prevalent. In the few
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FIGURE 3.8

IMPACTS OF METERING ON ENERGY PERFORMANCE

Question: Was There EVidence Of Specill Energy Metering?
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casel where energ budgett have been decentralized and management authority
has been placed in the same hands as the operating and maintenance respoui-bil ity, there apps rs to be more dynamic monitoring which produces betterresults. this topic is discussed further in Case 'Study F.

Maintenance and Monitoring Contracts
Cin Entail Pitfalls

,
Long-terin maintenance /monitoring contracts for EMS involving changes to (or
addition of) mechanical equipment controls can not always assure proper
functioning and optimum tailoring to the facilities' needs. tbservations and
discussion of the functioning of such ECMs has disclosed that improper mainte-
nance and/or.i.monitoring can cause significant differince between theoretical
and actual performance. For example, in one case controls that function only
in the winter were instal l; and set in the manner. Problems reported during
the winter were adjustedi'Ve following spring. The net winter the same
complaints still existed 'end here.observed during the site visit to be of anature that probably co,41.d not be corrected properly except during winter
operation with actual 1;idt load- conditions result was poor
energy conservation res lts existing long after savings should have occurred.

In some cases, the on.site personnel are not considered sufficiently capable
and/or are specifical Y directed not to concern themselves with the mechanical

ve and report apparent. ineffi-
directly affected.. In other
nominally qualified by eiperi-

here are still questions of how efficiently hardware is
lack of analytical instrumentation and/or insufficient
to-Obtain the optimum settings experimentally..

equipment and catrolis. The incentive to .obse
ciencies, let alone take any action, is thu
cases where the on- te personnel appear to
ence and position,
control led due
willingness and t

One school that co
0eriod is prey enti
monitor or judge
operating proced
mission of the
service, as ev
visit: dirty
heater pilots
maxim= temper
set. to lowest
during unocc

The impl icat
knowl edgeabl
do more th
select a
requirenten
that work

tracted with a local maintenance service company to perform
e maintenance throughout the school did not assign anyone to
e contractor' s work, or to coordiriate appropriate equipment

res and- kontrol set-points with the school personnel, andcility. A- a result, money hes being mid for ineffectife
denced by the following seven items noted during 'the site
ilters, overflowing cooling tower basin, classroom gas unit'

eft on throughout the summer, domestic hot water heater set at
tore, cooling of unoccupied areas to 65`". F, empty refrigerator
possible? temperature in summer, and water cotlecs operating

led summer periot s.

on. is that management of an organizatipn 'must be motivated and
in order to select a professional:maintenarTCY service that will
react to broken equipment. Managers must either know how to

uitable contractor, or must 'provide well-defined performance
s. and continuously follow up the contractors' actions until assured

is being done in a manner that will maximize energy savings.

A viable solution to increasing energy efficiency from complex control ECMs is
to rec ize the need for more highly trained personnel to conduct follow-on.o

measur ents and corrections than is normally needed votiektoillg operation of
the eq ipnent, not efficiency, is the objective. This requirement can be met
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int'severl ways but all have a cost. The cost /benefit, ratio
fjilly assessed before such ECMs are incorpordted.. If no

\ provided, it "may be better to divert the. proposed ECM money
payback -projects that .'require no close follbwz..on attention.

41

r
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WHAT SECONDARY GOALS WERE A ItitD?

p

The ICP achieved several its secondary goal s. In general, they fall s intotwo categories: (I) t stimulation of energy awareness and, conservation
'activities, and (2) a widening of interest in energy conservation and a
concom ant growth in technical expertise. The pursuit of a' third
doal--con eration of solar and other renewable resources--yielded unevenresults. . ,

. / .

% The ICP Has Stimulated Elorgy Awareness and p ,"
Energy conservation Actitities

. .

A

Throughout. the site visits it was observed that the ICP has, been effective in
promoting energy conservation. programs; in schools and hospitals. Evaluation
data that support this finding 'are shown in Table 3.8..

As .Table '318 indicates, 72% of the grantees would not have been 'involved in
energy conservation without the ICP. When ECM cost- effecitiveness data are
examined for schools and hospitals (see Figure 3..§), 10,pears that for
institutions, that would not otherwise be involved in energy-conservation, the
Program provided a .necessary financial incentive. However, the energy say ing5
data suggest that those ECM grantees ..ho would have installed their ECMs with-
out the ICP may have had a better understanding of the more energy efficient
ECMs, since overall ,,this group achieved higher. energy savings.e

In summary, the ICP is effective in reducing energyi.constmption.in schools and
hospitals, and in assisting these institutions develop enefgy conservation
programs that 'are likely to be sustainedwith their own resources. . s.

ICP Has Resulted in a Widening of-Interest
In Energy Conservation and a Concomitant
Growth In Technical expertise

In addition to the energy savings associated with the ICP, evaluation data
reveal' that the Program is attaining, a number of additiOnal goals andobjectives. At the administrative level, State Energy Office (SEO) personnel
reported that the benefits-of the .ICP extended beyond actual fuel savings for.
participating institutions. .Additional benefits cited include: training a*
support aof energy, conservation specialists (eineers, auditetfi, and
monitors), and generation of basic data bases on builngding- profiles anif,energ,yi
consumption on a State-by-State basis.

In addition, several States have initiated energy conservation programs as a
result ,pf the ICP. Although designed around the ICP, these State programs may
include alternative funding mechanisms such as low-interest loansi` rev-olving
loans, and shared savings, as well as -erect grants to institution. SEDs
also noted Stimulationdof interest in the energy savings potential in non-eligible facilities.
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FIGURE'3.9
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ICP AS' AN_ FOR.ENERGY, CONSERVATION

,QueWon: Mould ECM$ nave Been Installed Within 5 Years Regardless Of ICP?
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Analysts Couldn' t Agree, on the
Cost-Effectiveness of Solar ECM

Because the ICP requir the c sideration of solar and other renewabl.energy
measures, States usually gav,(extra credit to hose applications doring grant
ranking and funding. ,jkspti(e. this extra credit', few TA analysts were able to
justify applications uei the long payback of such projects. However, the
site visit teams found that whereas most TA analysts protected a very long

payback for a particular solar project, at a few nefirby institutions the same
project had been funded. For example,. in one. ca$e;-1 TA aneyst concluded that
solar heating of a school's indoor swimming' pool would have a 46-year payback.
At another school within 30 miles, the ana3yrre7calculated a payback of less
than 14 years,- and scair pool heating was redonnended, approved, and
installed.

TA analysts in another State were generally in agreement that solar heating of
dometic hot Water in schools would have an excessively long payback. How-

ever, one analyst found the payback to be quite short and recommended this as

an ECM. The ECM was approved and install even though virtually: no other
solar projects had been approved in that Stat No instrumentation or other

.means of performance evaluation was included planned, so there was no way
for, the school to' determine vbether the solar project was effective. Further,
there was no provision to prre....the appropr teness of the analyst's unique

recommendation.

a

1..

AP

1
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t
ICP CASE STUDIES

In addition to the quantifiable data on fuel consumption
in institutions and the qualitative and administrative
details of ICP participation, each institution visited
prov -Wed interesting information on the attitudes and
behavior of building occupants and users, as well a
insights into the impitcts of these attitudes and be vior
on energy conservation. Although extensive cdotal
information is beyond the scope of this eport
institutions that represent a mix of survey delivery (EA
or ECM), intitation type (schobl, hospital; local
government) I size, and location, have been selected as
case studies. These cage studies support specific
evaluation findings, describe the .technical application of
O&Ms and ECrs in combination with daily instititutionaT
procedures, and highlight the ICP experience in these
inctitutions.
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CASE STUDY A: THE EFFECTIVENESS OF A CENTRALIZED CONSERVATION FROG

,r BUILDING LEVEL

Institution Type:

%

Location:

Size:

2 local government buildings
(fire station and health
clinic)

Large urban area

Fire station: 6,912.sq. ft.
Health clinic: 986 sq. ft.

Latest ICP Phase

Completed: EA

EUI: .

Fire statio

Base: 126,591 IITU/ftc/yr

Latest: 256,636 BTU/ft
2/yr

=

.Health clinic

Base: 156,821,,BTU/ft
2
/yr

-
,-; 2

Latest: 133,884 BTU/ft /yr.

Savings:.

Information;,

fire station = - 103%

1,-
Health clinic n 14.6%

Fire Station EA'completed:
4/80

Health Clinic' EA canpfeted:

10/79

4,

Thd.city's energy office, which has been in existence since- 1975, coordinued-
4

the ICP. A knowledgeable energy manager was appointed to conduct EA at over

60 local governmentVbuildings as part- of the ICP, and two buildings were

selected for EA si visits.

Purchasing authority and the research efforts of the energy manager afford the .

.. city the ability to buy Aperly.laving eduipment at reasonable prices. For

example, the manager discovered thit it Was cheaper to buy a 4-lamp, 2-ballast .

fluorescent ffture and connect only 2 lamps and 1 ballast than to buy' a.

2-lapp, I ballast
.

fixture. . 7 r.
0

;10 *, \
,
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However, the minager has no direct' daily, authority over personnel who operate
ca variety of buildings. The r suit was that more energy bras wasted with ,poor

daily control than the manager s saving through special purchases. Atthe
fire station, all window air c itioners were operating to produce chilling
temperatures, and lights were on in the sleeping areas in the morning, even

though no personnel were using -the area. 'In addition, incandescent lights of

excessive wattage were lit in stairwells during the day, despite the
availability of sufficient daylighting. These wasteful habits revealed an
alarmingly high increase in energy consumption. .

10

Although the health clinic operates on a schedule that varies Iran week to

week with other`elinics in the city, a similar lack of O&M Worts was seen.
The HVAC system is operated by a time clock that could be reprogramed each

week to accOmodate schedule, changes. However, reprograming is .not °done by
,

building occupants, and the evaluation team observed it operating all day on

the day the clinic was closed. In addition, high wattage incandescent

fixtures in the bathroom could haye been reduced, replaced with afluorescent
fixture, and7or connected to a timer switch. Although the clinmi did 'manage ,

to show a savings, it is likely that the results could improve with

O&M efforts by building occupants.
.
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CASE STUDY B: TOP LEVEL MANAGEMENT THAT IS CONCERNED

WITH OBTAII4ING ENERGY SAVINGS, BUY USES DECENTRALIZED AUTHORITY.

FOR IMPLEMENTATION, PRODUCES A WIDE RANGE OF RESULT;c

Institution Type:

Location:

Latest ICP Phase:

Savings:

Program Information:

iMs Installed:

a

School (4 schools in a ,)

district)

Rural county

ECM

0.2% (average of 4 schools)

All EAsicanploted W12/79...
All ECMs completed by 3/82

Total project costs: $108,994
'(total of 4 school a)

Storm windows
Boiler controls
HVAC corOrols
Lighting modification
Window modification
Energy management computer
. systems (2 schools only)
Air Conditioning retrofit

The school system's adminitrat was concerned with sways. to save energy

dollars and was reasonably well informed on general technical methods.

However, his management approach is to allow each principal to handle the task

in his own way.. An added incentive to principals was thatfthe dollarsc.et4

through energy coAservation were returned to the School.

,

The result was considerable daily awareness of energy result& in one,sihool,

but many procedural oversights and little impact ,bn energy in mother. For

example, the pfincipal at one high school as very enthusiasSie'about saving

energy. He reported, that he continually looked for additional OSMS to the

point that he received 'complaints from parents that water coolers had been

turned off. The ECMs installed through ICP ipcluded insulation in teilings

and floors, air conditioning retroftt,..and window reductions. :The dollars

rOurned to the sonool from the savings cA the ECMs and active O&M efforts

allowed the principal to 'purchase and Thstall 'window shades throughout the

school.

At the. middle school`in thetsame.district, minimal O&M efforts were observed,

and in fact, poor operatic bf ECMs was mo. The evaluation team observed

overlighfing in undatipiec4 Areas, where natural lighting would have sufficed

even if the area was occupiid. Over-cooling of classrooms .was evidenced by

I 3-46
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doors open to the outside and students complaining of the cold. Further:, it
was discoveled that air conditioning units had been installed in a manner that
precluded easy access for maintenance, and thus, filter changes and regular
maintenance on these units was rarely done. Data analysis indicated that this
school had, in fact, increased its energy consumption by about 4%, whereas the

*high school discussed above achieved a savings of'25%.

In summary, the school system administrator failed to \nalyze adequately the
total energy results by school, in ordftr to monitor he practices, of each of-
the school principals. Fbtential methods fol' improving energy ManageMent and-
results were not shared among the schools. Total doJlar changes were reported
to the principals, bit no attempt was made to inform all the principals of the
energy saving practices at the most successful schools, Consequently, savings
varied dramatically by school.

A

-
.11.. '

Av.

.

4.

!,t

Alt

I

p



4

CASE STUDY C: ENERGY SAYINGS 013PORTWITIES MAY BE MISSED

1r TA ANALYSES 'ARE WI BUILDING SPECIFIC
OR IF RESPONSIBfLrrtrIOR ENERGY' PROGRAMS It NOT DELEGATED .

Institution Type :

Location:

Size:

11 school s (10 'el ementary,
high school)

Large urban area

Smallest school is 10,536
sq. ft.

Largest school is 288,724
'sq. ft.

Latest ICP Phalle .

Completed: ECM

Savings: (average

Program Informatipn: EAs, foi- all
12/79

ECMs Installed: ,

ECMs for al l
3/81.

Project cost:

of 11 schobls)

schools cogipleted:

A

school s Compl eted :

Smallest project: $6,460
Largest project: 52,676

.

Boiler controls
HVAC controls
Vestibules
Water flo* restrictors

4A,
r

r
r

In this particular school district, 11 schools *re selected f.or .site t,

This case study illustrates two findings: to maximize energy savings,
building specific ECM recommendations need to be develpped. and responsibility,.
for O&M authority is most appropriately delegated to maintenance personnel..

All TA reports and ECM recommendations were Made by a ,,single engineering' firm,.-; ;

Although TA reports provided appropriate calculAiotii., It became eYident that
similar, ECMs had been recoMmended for all the schcfols. ' In this situation, it
may be argued that specialization (Emphasis on ECMs with which the analyst is
most familiar) can produce better engineering analysis within, the given time
and' dollars allowed for `the TA. 'On the other halt, this approach tended to
foster non-creative and lest cost- effective sqlutions:' The greatest hartn, came'
from an apparent tendency .of the analyst to' farce certairi solutions uport .a1.1
buildings..Although the .solutiol may not .have:been' inappropriate, it may hot

3-48-
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have been of the highesticriority in terms of initially saving the most energy

for the least.ecost. The priority of a given ECM may easily differ among
buildings, even though the buildings appear similar. Building utilization,
maintenance conditions, and occupancy differences are only a few causes' fbr
this. In this school district the results are amplified by recognizing that
within a single district, building utilization and maintenance procedures do
appear relatively consistent. However, data analysis revealed that energy
savings vfried widely among the. schools. Six of the II schools showed

, increases in energy consumption, while 5 of the schools achieved a savings.
Overall, the district showed a 2% `increase in consumption when corrected for
weather variations. it is likely that savings may have increased if the TA
analysts had evaluated ritich ECMs would benefit each institution the most.

In`addition to having the analyst recommend similar ECMs in each school, this
district exemplifies the finding 'that centralized management of energy
progrgms may reduce the savings potential in :individual schools. During

building walkthroughs, it 'was learned that maintenance staff had been
instructed not to concern themselves with energy systems in general, and the

EGMs in particular.

A lack df ongoing O&M efforts was observedfor example; domestic hot water
. heaters were set at maximum temperatures, filters were dirty, and intake of
outside air in ventilation systems was unbalanced,even though the maintenance
staff would have been capable of attending to the O&Ms. In some of the
schdols, the maintenance staff suggested' O&Ms that they thought they could
undertake, if only they had the authority. Because of the lack of energy
savings throughout the school district, there is no question that the schools
iould benefit from the delegation of O&M authority to the maintenance
personnel.

4.

s.

A

3-49
92

S

4.



w ~,
J.

.W $ ;

4

0*

CASE STUDY D: GOOD MANAGEMENT LEADERSHIP FOSTERS,
SUBSTANTIAL ENERGY SAVINGS

Institution Type: . Hospital
.

Locatibn: Large urban area

'Size: 510,613 ft2

1 buildfng with several wings

I-

Latest RCP Phase

Completed: EA in sample, but
subsequently completed ECM

Savings: 5%

EUI:

Base: 606,311 BTU/ft2/yr

Latest.: 575,991 BTU/ ft2/yr

Program Information: EA,ComOeted 8/79

1
V

Although this institution was selected as an EA site visit, it actually had
received an ECM grant subsequent to the sample selection and prior to the
visit. However, the energy results from the ECM did not occur until winter

1912-83.

There had been numerous excellent O&Ms and energy conservation 'measures
implemented at this institution over the past 5 years, by the current director
of faciliOes. Curing this period energy consumption had been reduced 30% on
a BTU /ft *basis even though new energy-using equipnent had been added.

Becatise of cOnsiderable energy use reduction prior to the EA of 8/79, the
'reduction since then has been only 5%. The keg to this. achievement is clearly

the strong energy-oriented leadership of the facilities" director. Many

common -sense procedures have been implemented, good preventive maintenance ,is

evident, a computer monitoring system is being used effectively for daily
assignment of maintenance tasks, lighting levels have been reducep,
temperatures have been optimized, and proper operation of boilers and chillers

is being observed to get maximum hardware efficiency.

This facility has documented in excelIlint detail it energy data from late
1975 to the present and has produced written analys.iilaf the trends. In spite
of this unusual level of recordkeeping, continuous building and energy system

changeS make it impossible ito apportion credit for energy use reduction- to
specific 0&Ms or ECMs.
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The recently completed ECM (heat recovery chiller) is expected to decreasv
energy consumption significaptly during its first Whiter season. In the
'future, this institution should provide interesting energy consumption
results, as well as adequate data and system monitoring with which to analyze
the improvements in the building's overall energy 'efficiency, since there is a
high level of leadership"and management interest in fostering energy
conservaation.
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CASE STUDY E:
AND ONGOING 0

UALITY TAANALYSISt APPROPRIATE ECM RECOMMENDATIONS,
EFFORTS'ESLR_T TN A frIGN LEVEL. OF ENEMY SAYINGS

1

Institution' Type:

Location:

Size:

Latest ICPPFtlase
Completed:

EUI:'

Base:

Latest:

Sav ing s:

Program Information:

ECMs Installed:

High school

Large suburban area

640,000 sq. ft.

ECM

201,153 BTU/ft 2/yr

134,154 BTU/ft2/yr

36;

(

EA completed: 11/79
ECMs completed: 12/81 -

Total project cost: $379,457

Boiler interconnect system
Oxygen trim controls
Steam trap replacement
Pipe insulation
Lighting modjfications .

The evaluation team met with the school's facilities director and TA analyst:
Complete energy records were provided, as was a written description of ICP
experience, by program phase.

The facilities director reported that the EA was valuable to the school
because it caused staff to look at operating systems and procedures from the.
perspettive of energy consunption for the first time. In many instances; it
identified4ciuse-and-effect relationships that they had not recognized
prey iously.

The TA analyst ,was selected after 'interviewing representatives from several
iarchitectural/etvineering firips,. The TA process was vie red as-being extremely
useful. Not only did it establish the cost effectiveness of energy
conservatico options, but it also served as a source ,document to determine
priorities and budgets for Kirk that could generate enough sav ings over a

reasonable perjod of ,tom to recover costs and effect real savings in energy

's
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and operating costs. The criteria cited by both rgOondents for sel-ecting
those recommended ECMs for which ICP funding was soupAt 'included: (1) payback
period, (2) practicality in relation to facility usage, and ,3) operational
practical ity.

'44 .

The primary ECMs included a boiler interconnect system and installation of
oxygen trim controls. The ECMs have allowed a complete change in the school's
heating system py disconnecting the school's original boilers and operating
smaller, more efficient boilers in the annex building. The projected cost
savings for the boiler interconnect and a variety' of other ECMs was
The responder reported that within the first year of operatton the' savings
was over $3 0, since it, became possible to eliminate one full-time boiler
-roan main ancpositiOn and another part-'time position,. Data anaiois has
shown that the hool has achieved a 36% savings since beginning its energy
program. .

, ,

By maintaining an ongoing successful relationship with a highly motivated, TA
analyst ,#nd maintenance staff, the school keeps up7to-date 'records of energy
conservation.' At the time of the site visit, the staff -vas developing' a
concrete for future conservation activities: .

. .,
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CASE. STUDY F: INSURING THAT ECtis ARE FUNCTIONING PROPERLY

AND AN AGGRESSIVE PilOGRAM OF Nils SAVE ENERGY

ution Type: School
.

(elementary)

Lou

Size).

Small rural town"

25,440 squares feet--E 1 building

L0Cest
Compl4ed; ECM

EUI: 41;*i

Base:

latest:

Savings: ,1

Program Information:

ECMs

139,18 BTUlft2 /yr

163,133 STU/ft4Zyr

18.5%

EA sant;leted: a/79
ECMs fompleted: 6/80
Total project, cost: $54523

35-watt.-fluorescent. bulbs
v schoolwide

I
Energy Management Control

Sjstem (EMCS)

This el ementiry school was -se f-ec ted as one of four schools' in the district
that participated in the ICP. The primary respondent for the site visit was
the district s. superintendent, who has kept detailed records. of ICP
expenditures and installation sotedules as well as accurate energy consumption
data. Kccord ing to the superiRtendent, th0 district 'tilts been involved ink
energy conservation since the *early 1970s, due to building renovatirs and the.
r,isjng costs of energy. At the district level , an energy commitee has been

,formed to examine future energy conservation potentials in the schools.

During the intery jeW it was. disce.rned th4t fort 2

installation, the, school actually,. increas4t- fts' 'energy
also learnPd that the, cat-rent principal had been at the
one yeat. final data analysts showed that the ,school
saving energy after.' 'the priAcipal's arrival, And,
participating in the ICP. ,

years, following ECM

consumption. It was
school for' less than
had fact, begun

had saved 18%' since

During the building waikthrough, the principal informed the evaluation team
that' the EMCS controls (lad, been set and he had assuned there was no need to
change them. Pa had dficovered', however, that energy systems were .cycl ing on

.41
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duriiig vacation periods, ,and that air conditioning was set to cycle on at 5:0,0
4 I

4

a.m. The: principal therefore, learned the procedures for operating the
system and reset tiers to reflect acttual school schedules.

The principal 's -.interest in energy conservatism- was further evidenced when the
, evaluation team pointed out energy i'avingt 0 &Ms Oaring the building

kthrough. Heating vents located directtly inside the bui)ding entrance were
blas,tirvg hot 'air, which was desii-able on ,cool mornsings, buf unnecessary
as outside temperatures rose, and classes were in session. It was`,reconnended
by the evaluation team that these -vents beclose6 off cconpletel,,y, even
winter, since school chi I.dren entering- Cr,. leaving the building would be
dressed warmly. ' It boas al so suggested `that an . overt if empty al l-purpose
room/cafeteria be monttpred to max inkize natural lighting and minimize
artificial lighting. The school pr'inc"ipal showed enthusiasm for the various

L
Ms' that it would be possible for him to& cqntrot.

Several months following the s ite visit, the principal voluntarily, reported. to
the evaluatibn team on the progress he had made. He had begun monitoring- the

..school's energy !consumption, although he had been' unable to compare it with
previous years at that tiMe. He- also reported that not only was he sure that
closng off 'the hallway heat ents - had reduced consumption, but it. had been
successful in curtai 'king loit ing in the hall`Wilys. In addition, his
monitoring of lighting levels. in he cafeteria had led to'inqufris into the
ability to reduce lighting levels school-t:ide. from the example of this
institution, it' may be seen that effective monitof-ing of 0&Ms and ECtls can
increase, energy- Savings. .

. ,
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CASE STUDY G: CONSCIENTIOUS amii EFFORTS PRODUCE SIGNIFNAT SAVINGS

'Institution Type:

bLocation:

Size:

Latest ICP Phase
Completed:

EUI:

Base:
JLatest:

'Savings:

ProgYam_InfOnnation:

4 .

Local Government (Library)

Small rural ,tbwn

3;36§t sq.. ft .

EA

.110,424 Bill/ftl2 /ye
84,667 B Ufft`fyr

23.3% '

EA Canpleted 7 /80

r

This faciltty uses only electricity and natural gas. It is a very old
'residential building that was .converted to serve as a library. 3-4

The EA suggested 001s of the conventional kind such as reduced lighting, et
closer control of temperature settings '(far both.. occupied and unoccupied
space), reduced hot water, and improved.maintenance for the heating equi'pm'ent.

. , .
ru 1 consumption data ava ~in very °complete' form for several years
d i ed a 21% energy reductft from the '77 -'78 bgse period to the '81-'82
period.

The respondent for this EA site visit, the librarian, was impressive in her
energy knowledge and persistence in maintaining O&Ms. During the walkthrough
porticrn pf the site visit, it was clear that O&Ms' were effective. Air
conditioning and li)hts operated only in two occupsied, rooms. The librarian
had reduced lighting levels in. all rooms, installed.4iihyl storm windows, and
turned off the hot water for the summer. 4L

1
al*

.

Being a local government building, this institutidn".was notiel igible for ECM .
funding. - In addition, - factors such as building age- of bccepa4ion
would drasticalrY limit the. affectivenes\ of capital jaiipenditures for erargy
conservation. However, this library series' as 1 iffining eicample of the
significant achievements that are possible with the s4mplkset of 0&Ms titien try
are-consistently pursuld by enthusiastic management.. '.1#44 ;,.
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CASE RIDY H: SUBSTANTIAL 'ENERGY SAYINGS- MAY- BE DUE TO THE CONCURRENT
.CORRECTION OF POORLY MAINTAINED. SYSTEMS WHEN ECMs ARE INSTALLED

, Institution 'Type:

Lotattion:

Size:

-Latest ICP Phase
Completed:

EUI:

Base:

Latest:-

, Savings:

Program Information:

ECMs
(Instal

1 ed :

.1

Private High School

Large Urban Area

55,941 sq. ft.

I
ECM

19,991 BTU/ft2/yr''

71,345 BTU/ft2 /yr..-

31.2%
41.

EA Completed 3/79
TA Completed 6/80
ECM Completed 2/ff1:
Project cost: $62,245

Ceil ing insulation
'Boiler modificationg
Lighting
Window mod ific ion
Thermostat' cant of s

In thiS high school the heating system had become so inefftctiv'e that students
had to be sent home an very cold days. The TA was performed independently and
a credit subsequently receitved under ICP. This was a first experience .in
federal grant application procedures for the school management, and that was
felt to .be the cause of failure to receive a hardship grant." Matching funds

. were obtained in a unique manner. Stock in the school (contributions) was
Nisold, bake sales were g and a local foundation made a major gift. The

management was very. pleased with' they ECM results 4oth with respect to comfort
and to the major reduction of utility cost savings.

'The ECMs installed consisted
radiators,' a night setback
ceiling and tsodium vapor 1

throughout, and boiler dual
to gas. ,
The energy consumption from the base )ear.of '77-'78 to the ,post-ECM year of
'81-.'82 dropped 31%, aft correcting for weather varfations.', .There were no
apparent changes r area, utilization, or energy-using hardware . during
the inter

3-57
1(,1)

of. 128 thermostatic control valves on individual
time capc k , cell ing insulation; a light- colored'
ighti for the gymnasium, fluorescent lightirig
fuel burner replacement with conversion from all

V



This case suggests a factor that co,u10 have explained part of the significant
energy results. The #5 oil-fired boilers had apparently reached such a low
Jewel of efficiency, possibly through neglect, that minimum heat conditiont
for human occupancy could no. longer be maintained. In tlte process of the
boiler burner conversion. general boiler clgtanup and adjustMent may have
contributed a major portion of the subsequent. energy reduction: Since the
burner conversion ECM was done on a seemingly inefficient heating system,
there is it way to now assess the division of between the ECMs and

Rzwever, even _if good' preventive maintenance is not .available in the
future, the change from oil to bas will Orevent 'boiler efficiency from
declining as rapidly as it may have in the past.

Of the 31% overall ,energy reduction, consuifiStion of fuel for heating fell 23%
and electricity use fell, 46%. Due to the type of heating-system, almost no
electricity is consumed in the heating: pr.ocess. -Therefore; the 46% electrical
reduction appears to have TOme-mostly4 Mom the lighting changes. Of these
changes,`, the sodittn. vapor fixtures in the gymnasium were 'probably a major
contributor, and were ctisetved during thec .site visit to provide a very
attractive form of lighting.

to.

0 In is institution, sICP helped to reduce, energy consumption. Although it was
quilt% ivicient that boiler replacement was imminent regardless of the
availability of federal tutu's, it is likely that an overall energy
conservatilon program would not. have occurred -in the institution. TharetOre,.
even though the success of the4, boiler ,ECM actually may be due °to the
correction of a poorly `maintained system, this. institution's ICP participation
also has brought valuable energy conservation knowledge to the institution's
occupants, mapagers, and maintenance personnel.

a
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The following 5' case studies summarize the
findings of the detailed foQeiv-up site visits.
As may be seen from these case . studies, the
r*turn site visits permitted an in-depth analysis
of the grantees complex energy systems and their
overall building energy efficiency.

. .
These follovi-up visits indicated that there were
no previously overlooked ip sta 1 l at i on or
operation tiisci*epancies. Therefore, the amount

seof time and the general techniques used at each
of the Ariginal site visits appears to have bden
adequatie to disclose the key findings vyierel aped
by this evaluation. Predi,se quantitative
explanations for greater-than-expected po0 ECM.
consumption did not result fran. these returns
visits. However, the individual case' 'studies
describe in a qualitative sense the, most probable
causes in each case, and the circumstances which

1.precl ude more precise 'determinations. The
additionpr,site vis-it time also provided an
opportunity to review the energy data being used
for the evaluation in more detail with the
institutions. This resulted in sane minor data

!changes, but the overall conclusion in each case
essentially was unaffected.

102



SE STUDY I: FOLLOW-UP SITE VISIT INDICATES THAT APPARENT INCREASES
r.

S
V 11

ADDITIONS OF-UNASSESSA13LE AMUINTS OF, ENEMY CONSUMING EOUIPMENT

Inititution Type: University

Location: Medium size urban area

Size: 92,670 square feet

EUI

Base: 482,615 BTU/ft2 /yr.

540,675 BTUift2/yr .0Latest:

Savings:

Program Information:

(-12%)
t t

EA camleted 9/79
ECMs 4bmpleted 6/81

Total project cost: $254,000

ECMs Installed: Ventilation-exhaust air
heat recovery system

V

'This facility provides classroom ant' laboratory space for the Un-iversity's
Chemistry .Department. The energy needs of- this building"' are especially
im acted by the continuous air ventilation .requirements -from the laboratory
areas rough .a multitude o? vent hoods.' :Although the occupancy of the
.building is not continuous, hood ventilation.must be continuo-uLto protect the
ongoing lasporatory experiments.

I

Because of the year-round ventilation requirement and limited opportunity to
cycle-off_systems for energy conservation, the selected EUI wa's an exha5ust air

-
R
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heat recovery system. This project, completed in mid 1981, replaced about 24 .

roof top exhaust fans with two collector duct systems and four large exhaust
fans. Nine Of the exhaust fans handling highly toxic laboratory- areas were
excluded. from this system.° a

la.

The energy sources for this' building 'are steam prov ided by a_ campus central
el:ectric generating plant plus electricity. The electricityvconsumption is a

t?.tcret! at tle .-! chcnistr; buildingbut prior to the ECM installation the cream
=meter for this building was inoperative: Durinn mid 1981, the faulty steam
meter was replaced, so accurate co Ption 42 been available since the ECM

. was instilled. Carculated ."bestil.
.esti tes tifIteam consumption were used for

. the 'pre-audit base year of 1978.

Comparison of the pre-alidit and post -ECl energy data shows that steam energy
has been reduced but electrical energy has increased by a greater amount so
that the net result, has been an energy increase of 12%. In this facility,
steam _js converted to hot water for all heating of space plus domestic hot
watef: It is also the energy' source for air conditioning,, using steam
absorption chillers. Electricity is used for the fluorescent lighting and all
water circulating pumps and air movement fans. A small electrically driven
pump was added as, part of the ECM exhaust heat recover.), system to circulate
the glycol/ water heat transfer medium between the exhaust air and outside air
heat_ exchange coils.. .

Although the on-site operating and maintenance personnel monitor the heat
recovery system to be aware that its controls cycle it on approximately when
the design conditions should dictate, there has been no measurement of the
qaantity of heat being recovered. Thermometer test fixtures' that would permit
measuring the anowt of heat being .recovered 'were installed in the glycol
circuit but they have not been used. The system is assumed to be recovering
exhaust heat bebause higher supply temperatures; are now'available -during very
cold weather than used to be possible. This is a qualitative observation by
oe-site personnel ,,in .the absence of any quantitative measurements.

I
By reviewing elearicitry and steam consumption' sepacately, it can be-seen that
the ppost-ECM steam consumption has decreased 30.7i but post-ECM electricity

-use has increased 25.5%. The overall 12% total energy increase 'is due to the
fact that about 5.7 times more electricity is used than steam.

Although no exact Ire-ECM air flow data exists, it was alleged that many of
the original' vent hood air flow rates were less that the original design
intention necessary to meet health and. safety requirements'. During the ECM
project, these flow rates were increased by .speed ling up the two' air tfand ler
supply fans that introduce makeup air into the building., The new exhaust, fans
were then adjusted to produce the corresponding bal arrce of internal air
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pressure and flow. This certainly would tend to increase the s

electrical consumption, but whether this . is the major cause of the post -ECM

increase can not now M....determined. It is also known that additional
electrical laboratory equipment was transferred to this building frpm -another

but there is no available documentation to reveal tlx energy ;impact of this
equipment.,

The phincipal findings were:

a. This facility is now consuming more . energy. after
installation of an. EN projeW- that cost tot 41 of.
$254000. Because of imadecivate documentation,
measurement, teSting and subsystem monitoring it is not
possible to ascertain the cause accurately.'_ There ,..issa
possibility that the increase in air ventilation rates
incorporated, during the time of the IN installation plus
laboratory equipment 'additions have increased energy use
more than I the. Meat recovery ECM has reduced . energy use.
Whether this ECM is achieving its projected,.energy sav ingt,
even thoughoutweighed by energy increases elsewhere in the
building, has not been determined.

b. A relatively, inexpensive instrumentation effort could .be
usediktb measure the heat being recovered. The high cost of
this ECM would justify such instrumentation ssure that
a reasonable payback is achieved. It uld al so
contribute, to conservation technology and the Diversity,
valuable knowledge about whether projectld sav ngs can
attained from heat recovery designs using certain hardware
and concepts in actual building environments.

C
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EASE STUDY J:. FOLLOW-UP SITE VISIT INDICATES THAT INADEQUATE
ENERGY MANAGEMW AT-AN ALL ELECTRIC FACILITY MINIMIZtS ENERGY SAVINGS

Institutio Type:

Location:

High School

Small urban

V

Size: 87,497 square feet ,`

EUI

Base:

LaIest:

Savings:

I

213,944 BTU/ft/2/yr.

238,732 8TU/ft2/yr.

(-11.6%)

Program Information: EA completed 7/79
ECM's tompleted.9/80
Total projOct cost:- $4,000

ECMs Installed:

1.

Shop door replacement
Insulation of laised ants of
roof

Ostallation of set point
thermostats

k

L ,

.0 a-

the tIme of the first site visit in October 1982, it was noted that many
O&M actions were neeped, such as cleaning filterr....deriamping, reducing
doMestic and heating hot water settings, increasing activitsby occupants to
turn off equipment and Tights in unoccupied areas, reducIng setfIegs of
outside air. dampers, improving weath@rstripping and adjusting .doaes for

I closing.

1 t

1 \
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Up On revi ting the school in March 1983 it was fOund. that.no change had
occurrred in any o the previously observed,..conditions. In fact, most of the
filters appear be dirtier khan before. The coarse wire mesh inlet screen
offer 6, central outside" air duct supplying fresh air to several main air
handlers was estimated Co be 60%-70% blocked by dirt accumulation. This is
readily accessible for cleaning with the use of a vacuum cleaner. Also,

sev al removable air handler filters were found badly restricted with dirt'
acc lations. ,..

he data from 1978 through the latest periosi available (mid 1982), ihdicates
that personhel efforts shad achieve( an 18% reduction in energy consumption
from the 77/78 to 79/80 school years: However,4 since then, there has been a

gradual increase resulting in current consumption of 11.6% above the 19/80

1 base year. . '
. , ,

...

This is the only all electric school in this district of 7 schools. The

remaining (five elementary and one junior high) facilities have a mixture of
gas and electric energy sources. Curing the school year period from 77/78 to

79/80, the total energy consunption in *.the school district was reduced

approximately 15% as compared to the 18% red fiction in the electric high
school.

Following are a 'number of factors that affett energy results in this school:

'The maintenance staff, consisting of only two persons for.

the seven schools, appears inadequate for good energy

conservation resul

COstodi'a4-7 personnel are assign'ed to individual principals
and are thus not available to the maintenance staff to
obtain direct assistance on stich matters aswminor
Oreventive maintenance or monitoring actions. Manageinent
,intends to change this ,in the near ;future.

3. The previous achievements in energy reduction appear to g

have been largely 'the result of direct personal actions on
a daily basis by the Chief of Maintenance. Due to the very
small maintenance staff this personal commitment has been
difficult to sustain. The diminished 'focus, of natfenal
attention on energy in :the past year also has contributed
to a\_lessened commitment by even the most dedicated
persons.

3-V3 107
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'4. For .various management and financial rearons, this school
distrist...pct not implement very many. ECM projects in the
high school and thus -the bulk of earlier energy savingk'
wore almost totally a function of O&M activities. The
meager maintenance staff has Parely been able to keep
abreast of routine repairs and thus preventive maintenance
and constructive energy saving actions have been very
marginal.

5. There is .no effective. energy program ,'emanating from the'
Superintendent downward through the principals, teachers,
custodians end other occupants

8. This school district has experienced disruptions from a
high turnover of four superintenderrts since the beginning
of the ICP.

Do ailed rev of this high school suggests that considerable savings in both
energy, and cost are possible with very limited hardware investment as follows:

1. Two large air hand ling tilits".that run continuously to con-
trol humidity in a damp basement music room where musical
instriments are stored could be shut off by 'inexpensive
time clocks and a portable dehunidifier used instead.

2 Central time clocks could be installed at three electrical
panels to shut off individual classroom and central hall
air handlings units that are now being ,allowed to run
continuously. .

Several dozen incandescent fixtures in the high cell ing
central hall area could be removed and only a few .fluores-
cent fixtures Tnstal led to provide minimum required

sighting for safety of °personnel movement. .

4. grnasiun lightfng and two large air handling units4
could, be placed on .a time clock with a limited-time-
increment'override switch available for special uses of the-7 area.

a
5. The outside air dampers on all air hand lets could be reset

from their present full open settings' to provide measured,
minimum quantities of fresh air.
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Electrical demand rate changes and possibly same - energy

tonsloption ,cddld be reduced by disubl ing, several,. stages in

41.
eaZh of the-,two ten-stage electric Milers. Demand savings

il SO could be achieved by adding an interlock control 'relay
between the dcinestic hot water boilers and the ten-stage

. heating System boilers. This w3uld pVeclude. simultaneout
opefitiOn of both the heating systen and the dametic test
water boilers. t

. ' ..
,

. . .
.

.

7. Further experimentation bi d'n -site personnel on a' seaspnal

basis a should product additional savings by gradual reduc-
tiohs it) hot water temperature -settings, restriction in

domestic water flow rates, ftrther reductions of light
levels in all spaces and continuous occupant cooperation to
minimize the tots electrical 'load, partitularly during th
known peak load periods when demand charges are affecteb.

The principal findings were: -

I

a. The permanent benefits fro this school have. be marginal as
the *result of participation in the ICP. The major reason
for this situation is that there has been inadequate top
management attention, .devoted to energy and energy-related
_cost ,sav fits.

The school systed did not choose to invest in the majority
of energy imOrovenents recommended by the ICP program's

chnical analysis.

c e observed conditions indicate that management is not
achieving a reasonable degree._ of preventive 'maintenance,
timely energy adjustments, and cooperative occupant
actions. The ratio of only two maintenance persons for
seven schools appears inadequate. Approximations based on
review of this school's consumption over the past several
years strong'y suggest a combination of actions that might

be instigated by top ,management to reduce the 'current
operating costs by up to .25 - 30,000 dollars per year.
tst of these actions can be incorporated and sustained by

apbropriate personnel ,with very low cost in material s.
Such dollsr savings in a single building- should 'warrant
management's consideration 'of adding personnel as a net
money saving move. Eitntually, an appropriate additional
person could probably e3tend his energy .saving capabilities
to the other schools in the school district and .multiply
fiis ,dollar effectiveness .

/N.
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I CASE STUDY K: fOLLOW-Up SITE- VISIT ANALYSIS INDICATES THAT A.LACK\ 14ETERINt AND, INSTIIOMERTATION PREVENT AN ASSESSMENT OF ECM SAVINGS

Institution Type:

i-

Hosktal

Location: Medium size urban areal

Size: ,- 57,550- square feet

thi

Base: 571,399 BTU/ft2/ye.

Latest:.tititt (t4( . ( '613,189 BTU/ft2/yr.

Savings:

Progrwi'Information:-

ECMs Installed:

. (-7.3%)*
I

EA completed 9/79
.# ECMs completed 2/81,

f Total prolea cost: '190.,869

Replacement of ats wall
with insulated wal
Heat winos
Fluorescent replacement of
'incandescent lighting

This facil i was v.ii'lted originally in June 1%2. Using the data and faits
available at t at time it was determined that energy consumption had increased
by 22% since the ECMs were completed in February 1981.

The ECMs consisted of replacing an essentially all-glass outside will in one
wing with insulated construction, plus in the same wing, conversion from unit

31.66
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heaters to water-to-air heat pumps and
.

replacement of incandescent - with:

fluorescent light/Eng, The calculated payback was more than 13years. "

Following tfe first visit to this facility the calculatedNoenergy performance

was based on a' comparison using the. base year (1978) that was cite.p in the TX.

During the re-visit, it. was learned that certain events occurred n 1978 that

caused this to be an unstable reference,year. The latest 50% addition ,to the
.hospital cane into use in 1978 and the kitchen was converted gas to all
electric during the latter part of the year.

By selecting 1979 as a more appropriate bale,year, the energy results became

more favorable, but still shoved,' an increase of 7.3% in total BTUs from 1979

tb 1982. This. increase consisted of year-to-year percentages of 2.1, 4.0 and

1.0.
"

The TA had calculated, a saving for- the recommended ECMs of 5% When compared

wjth the consumption Pf 1978. By recalculating these expectatiens. referenced

to the 1979 year, the projected ECM savings became 4.4%.

.Energy. tiled p.x. the hospital consists of electricity, propane and same diesel

fuel for siveralaleiel gendratbtst`'Utrittr tens4vell..fo.r. .elac tr.i cat .....

demand limiting. The accuracy of data on diesel fuel is questionable because
the exact volume of the storage -tanks is unknown and purchases area made

according to when prices are best. Quantities of single purchases- have varied

from 100 gallons to over 6,000 gallons and purchases have Varied from'only one

to as *many as six per year. However, tbe average diesel consumption

constitttes less than 2% of tne total alnual,ener9y so the inexactness of this
fuel data is not critical.

.;

Pt'opane is used for heating domestic hot.,water as
the laundry hot water. Propane also is used as

. water space heating system. Since the primary s
trically operated and frequently switcNed..off
changes, the prbpane boiler .often become? ttie pr
heating season.

for booster heat for
la backup source for the hot
pace heating boiler is- elec-
Ito reduce electrical demand

imary source..dur'ing the peak

Re-evaluation of the installation and operation of the ECMs -did not disclose
any. specific errors or omissions that could explain the 'increase in energy
consumption . since the ECMs were completed in early 1981. Howl)", several

factors were discovered that appettr tagexplain most of the increase. For

example the "Patient Days" have increased 6.8%, fry 23,587 in 1979 to 25,189
in 1982. Employees have increased 13.4% and three Bepartments have gone to 24

hour operation (from 8 hours in two cases and from 16 hours in the other).
Additional energy consuming equippent has ,been shadily added throughout the
1981 and 1982 period since the ECMs...beere finished. Seven aditional heat

4
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pum* for a total of about 18 tons of cooling were included in this, plus a
rooftop unit using both heating water. and chilled water from the central
system. Although no records were available to identify the consumption of /-
other energy using equipment that has been added, it was found that numerous
items such as an 18 Kw drying' cabinet, large freezers, nuclear medicine
cabinets, X-ray tiblps, comiers, vending machines', ice machines and medicine
refrigeration and warming cabinets had. been acquired. Apparently, recent
procedures have been implemented to acquire better control and documentation
of future energy csonsuning'equipment as it is brought into the hospital.

The present Diretor of Maintenance for the hospital . hid held his, position
fpr about six months at the time of the. return visit. Therei have been three
people in this position plus two. hospital kadministrators throughout the
participation.' The present Actninistrator hait been there 1410' six weeks at
the time of the return visit.

The present Maintenance Director is working-hold 4,t, ieduLt;ciet.trical costs by
limiting electrical demand charges. A demand controller-, purchased in 1978,
has peen connected to additional control points and the diesel generators are
operated several hours S day to-hold the peak denial within close

.Although time did/ not permit a detailed investigat1o4, it appears possible
that .sari of the high energy use may be due to the f-ellowing situation:

The basic HVAC system consists of,three, water loops. -Many water to ,fir heat
pumps are on ,a cannon water heat 'source loop filling conl lig1 tower water.
Another loop contains chilled water from a central chiller for air handler
eooling coil/ and a third water loop provides -hot water to the same air
handlers frill the central hot water boiler. 'There are no air handlers'` with
100% outside air available through an economizer cycle. controller, so
virtually all interior cooling in the winter mint be provided mechanically.
The result is that heat As rejected- from the coolinig tower all winter except
for portions of about a month and a half. On the day of the revisit, the
outside air temperature had only risen to 54 by 2:30 PM fran the low 40's in
the morning and ya the cool in tower vanes- were; constantly open with water
circulating at 84'7 During the late morning 'with the kitchen cooling load,
the,cooling tower fans periodically cycled to limit water- temperature.

This may indicate that even on days cool enough to pr:ovicre "free cooling" with
full outside,air, the building is instead being cooled mechanically and the .
system is .produclog Na net, hot water source greater than the water to air heat .$

.pump loads can litiPrze.

It is likely that the total energy load could be siificantly reduced in
winter (where' the peak' now exists) if 100 % outside air economizer cycles were

4
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Incorporated , and the -7'edec tion lat heat from. th9 cooling tower was elm), viltetl l.

,, I i004k4I

The principal 'findings were :
V

g._

I

a. A' consklerato'le ,quantity or energy -using equipment ,

'apparently ,has been continuously added' to this facility
duripg the several year period from pr -audit to post-ECM

icompleton". The lack of exact information with which to
measure this growth in energy use makes it impo§sible tp
assess the ECM, performance .soleTy on the basis of total
energy consumed by the building. However, without special
metering and instrumentation it is impossible to measure
the effect of the ECMs separately.

b. A relatively high turnover in,ithe hospital's top management

in recent years appears to hive been a handicap in

achi ev ing optimum energy benefits through effective
operation and maintenance actions, and timely preven.tive
maintenance. There are very positive indications that this
is now improving.'

c. The installed ,ECMs had mall projected savings of about

4.4X: However, there appear to be existing -system
deficiencies "that. could be corrected with cost effective
EG's that would increase the sav'4ngs realized.

A
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CASE STUDY LI
PERFORM

4

FOLLOW-UP SITE VISIT OBSERYATIONS SHOW THAT ENERGY
E *OF ECMS WITH LOW PROJECTED SAVINGS CAN NOT BE

CONFIRi WITH ONLY WILDING CONSUIFTION -DATA RATHER THAN
SPECIAL VNITURI/45-0104ETERING e f

Inst.itutiog Type: Hospital

Location: Medium size urban area

Si ze: 114,000 square feet

EUI

Base: 490,4811 BTU/ft2/yr.

Latest: 528,488 BTU/ ft2/yr

Say.ind.s.:. (7,.7Z),

Program Information: EA Completed 8/79 'S

ECMs completed 9/810
. .. Total project cost: $234,000

_1

ECNs Apstalled: . Oilto gas conversion
Chiller heat recovery

.

A

The Technical Analyst for this facility had recommended six ECM projects
calculated to have a combinid payback of 5.6 years, produce an energy reduc-
tion of 24% and cost approximately $457,000.

Only two of these recommended EC1 projects were installed at a project cost of
abitut $234,000. The TA had projected an energy reductfon of 4% for these two
ECMs. Their expected individttal paybacks %litre 2.5 and 10.7 years. A higherthan projected project, cost resulted from installing a slightly- tarOer ,heat
recovery chiller than originally planned, in order. to allow for sane future
expansion.

Comparison of the post-ECM energy consumption with the ire-ICP period, on a
weather corrected basis, shows ad increase of 2.5% in total annual BTU use.This includes cdrreation for a floor area aidition of 3.22 that occurred

. 3-70 114
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during the ipt,erim. 'Also, certain energy Consuming equipment was added

*A throughout: the' Period,, such as 4a CAT Scan .,,arid X-ray unit and numerotis

undocunented pieces of laboratory equipment. As is generally the case 1W

hospitals, no useable record of these continuci\us energy consAing equipment

increases is available. During the same interim period, the average annual

patient load also tficreasept by 22%.
..

On-site review of the installed ECMs during the folo0-up visit did not

disclose any installation or operation problems-that could be causing the less

than projected savings. One ECM consisted of conversion from oiff to gas use

by two steam ppilers. There is no condensate return,.of ally of this steam in

the hospital and the TA did not address this as a possible ECM. The hospital

staff, hoWevei, has indicated an interest in irtgking this improvement .during

future energy projects.

The other. ECM consisted of replacing a standard chiller with a at recovery

unit for domestic hot water preheating. This .project is not instrumented in

any manner that would permit savings to be assessed. The chiller cannot be
operated 'throughout the day during much of the year due to total cooling load.
For 'example, when the total cOoling load exceed's the heat recovery chiller
capacity, a much larger unit is biught on line and the smaller heat recovery

unit must be glut down' to provide a reasonable percentage load on the bigger

chiller. Unless the weather becanei much warmer on such days, the smirtir
heat recovery unit cannot be aided back to _the system until the weather coo s

again. Consequently., tte annual percentage operation, and thus, the' savings

of this 'heat recovery chiller ECM may be considerably less than the T

assured. The lack,.of instrunerrtation and records of operating-hours makes

impossible to assess this ECM's performance accurately.

The principal findings were:
4

a.. The TA rojections of energy savings for these ECMs was

approxim ly 4%. The measured post-ECM energy data shows

an ea eral 1 Oital increase in consumption 'of 2.5%, rather
than a savings. However, both energy consuming equipment

and mission requirements have increased but the effect on
consumption can not be qtranti fled. The net `regult is that,

both the actual and the expected results are in a very
small percentage band and a precise evaluation is extremely

b. It appears that the ECMs were installed properly, bit were
too minor in contribution to show up in total energy

consumption measurements. Separate instrumentation would

be necessary to identify the savings generated by these

ECMs.

4'
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CASE STUDY M: FOLLOW-UP SITE VISIT OBSERVATIONS SHOW -THE
ABSENCE OF VATt TA 11 L E T A T 11) A D D T r 0 ti S OF ENERGY

CONSUMING EQUIP Nit _AND. A LACK OF MONITORING OR METERING- ALL
CONTRIBAfrE 11) APPARENTLY SWILL ECM SAVINGS 7

Institution Typt: Hospital

,

Location: Mediuni size urban area

Size: 211,192 square .feet

DUI

Base':

Latest:

Saviing s:

Program Information

444,244 BTU/ft2 /yr.

414,980 BTU/ft2/yr.

6.6%

EA canpleted 10/79
EC s completed 1/82 N
To al project cost: $170,775

iCtis Installed: Heat recovery from boiler
Chill er control s
Air handler return air ducts
and controls on several units
Replkenent of incandescent
lighting with fluorescent

4

tr

This facility was ohginaily visited in December 1982. The ECMs had been
ccmpleted in January 1982, and thy k there was less then a year of available
post-ECM energy consumption data.

Air 3-72 116
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The instal ledrECMs consisted of nine distinct projects that may be categorize d' i

into four technical 'groups: (1) .heat recovery for boiler makeup: water was
dded to both the boiler stack 'and the boiler bloktown, t2) ontrols were

ded to an. electrically .driven' 350 tbnIcentrifugal chiller;' {31' numerous
i candescent fixtures were replaced wit fl4uorescent or sodium vapof lighting;
a (4) five projects involved adding return air ducts and additional controls
for several air handling wits.

i te ilikr
. . ,

.

In the TA, dollar costs,dollar savings, and payback years were' calculated for-
- all of the rtetomnended projects, At projected BTU savipgs were listed for

only 5 projects. For these five, the total expectation was at least a 0%
s savings ,in annual BTU consumption.

, r
On-site inspection of the ECM projects. &indicates that all were correctly
installed and 'there is no obvious malfunctioning. However, sever conditins
of the design make it difficult to establish the amount of energy sayings 81
most of the ECMs. For example, a ccmplete lack pf temperature and flow
indicators in any of the ECM heat recovery circuits has made-A impossible to
establi0 the amount of boiler waste heat being recovered. The chillers
controller ECM functions properly, but during certain weather conditions the
resulting higher 'chiller supply temperature makes it necessary to augment the
controlled, chiller with a smaller, less efficient chiller in order to provide
the necessary lower temperatures in one remote zone. The, energy consumption

of this c bination of a more efficiently controlled large chiller- plus a

lower eff .ciency snail unit may not be any less during these weather periods
than the previously existing large chiller alone (before it received the

controls tailor t its output) .

The fuels, used are electricity and natural gas. Analysis ofAthe consumption
history using the pre-EA period of calendar year 079 versus the post-ECM
calendar year 1982 indicates an energy saving of 6.6%. fter crecting for
weather differences the 'result is a 5.6% increase in con ptiorior. The base

year (1979) had 13% more severe weather. .

During the period since 1979, there has been a contigual ,.addition of energy
consuming equipment in this hospital similar to that gerferally _observed. in

most hospitals. Although a listing if some of the added equipment is
.available, there is no acceptably accurate way to estimate the energy impact
of this equipm,ent growth. The duration of use, location, impact on heating
and cooling loads, etc. of this added equipment has not been documented. With

energy consumption analysis based only on knowledge of total facility
consumption there is no accurate way to identify the mount of ECM savings.

SI
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In general, this hospital has probably achieved/ more success than most in
avoiding energy increases. The condition of.thel equipment reflects an above
average preventive maintenance program. /The t finical knowledge and
management skills of the facilities director are wel above average and many
actions have been taken both before and sOlIce ICP articiRtion to eliminate
unneeded energy use. For example, lighting energy consngion has been
significantly reduced. . . .

Comparison of ,thi energy use index 'and patient cosiNfactors of this hospital
with several others in the adjacent geograpilical area clearly indicate that
this hospital is a leader in its micinity.

The principal findings ere: X

a. The BTU savings to be 'expected from some of the instal le.
ECMs were not identified in the TA.

b. Theo energy savings ,of the completed to4 projects cannot be
directly assessed due to the lack of instrunentation.

c. The normal growth of energy consuming equi.Pnen.t, nce the
base-year may now be causing more energy consunp on 'than
the ECM projects are saving. A s with most complex facil
ties, very little crtdible analysis of how energy savings
are being offset by these additions is possible without
records to track performance.

d. The observed capabilities and regular actions--of the facil-
ities staff are above average and cannot be *faulted as' the
cause of low overall energy saving results.
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APPENDIX A - THE ICP: BACKGROUND ON THE ICP AND ITS EVALUATION

.
.

i
1

b

PRORAM/FUNDING
, .... .

/,-
Aflocaiion of Funds to States \
'The Oe, rtment of Ener
respon ;tie for allocat ng
matches State administra ive
through SEOs , as well' as
Fifty - percent matching funds

Of), under a formula specified by .rule, is
ICP funds to States. I'IThe "federal government
costs 'associated with iniplenienting tt)e program

es the grant monies for the TA o ECM phases.
we e allocated to States for condUcting PEAs and

EAs on the basis of a three-part funding-formula that included: an equal per-
State share, a share based on population; and a.climate factor. An additional
factor - -fuel availability and cost--is used in the formula to allocate TA/ECM
funds. Both instituttons' and States' matching funds muit, in all cases, be
from non-Federal sources. Table A.1 describvf-the resources committed by the

1

10 sampled Sates as matching, funds.

4 -a .1 1

Allocation of Funds IfithiniStates"

Individual 'SE04 chose the.means by vivich they would subsidize the costs of
performing energy audits at eligible institutions. Some chose to train
institutional personnel assigned for this purpoie, others sent State employees

or contractors to perform audits. at nonprofit facilities,. and a few reimbursed
institutions foil the charges levied by independent energy auditors who had

been trained or certified by the State.

TA and ECM igrants, on the other hand, are awarded on a competitive basis. A

minimun of 30% of funds available for TAs and EC/4s were required to go to
schools and at least 30% were required to go to hospitals in each grant cycle.
Thus, neither schools nor hospitals were permitted to receive more than 70% of

the combined TA/ECM al location in each, State. The background and financial
data on the 10 sampled States' allocation of funds are presented in Table A.2.

Grant Award Procedures

SEOs were, required to produce DOE-approved State Plans describing funding
formulae and administrative. methods before entering the ,ICP. These State
plans are updated 'annually.

For PEAs and EAs, th
themselves and participating institutions, operated the Frog am, and submitted

e States applied to DOE directly for fu ing on behalf of

/progress and evaluation reports to DOE periodically. Seca se DOE wished to
allow the States a great deal of flexibility in administering the Program,
procedures for conducting PEAs and EAs varied

in.
from State to State

(although these procedures were reviewed by DOE officials in the process of
,approving each State Plan). SEOs were allowed to apply up to, 25% of the funds
a located to them toward achninistration, monitoring, and evaluation
activities. . 1
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TABL A.1. RESOURCES. COMMITTED' BY THE 10 SAMPLED ,

STATES AS MATCHIRG' FUNDS

/- ti

TYPE a MATCHING SOURCES $ OR OTHER RESOURCE IN ADDITIO0,0,MATCH,

FLORIDA ALL1CASH MATCH

S

/ PEAS AT N8 COST BY FACIIrITIES PUBLIC BROADCASTING

SYSTEM.
TRAINING FACILITIES PROVIDED AT NO' CHARGE.

-- SOURCES OF REIGIONAL PLANNING CENTERS

-- TA ASSISTANCE BY FLORIDA SOLAR CENTER

-- MISCELLANEOUS ASSISTANCE FROM SE0

ILLINOIS EA: ALL MATCH WAS INKIND

1INWESOTA -- $10 MILLION STATE APPROPRIATION TO SUPPLEMENT ICP

6. DEPARTMENT OF EDUCATION.. REGIONAL DEVELOPMENT

COMMISSIONS. LEAGUE OF CITIES ASSISTANCE 4

N/A N/A
I

-- ALL CASH MATCH

K
-- S65,900 poRAtto AS ADMINISTRATIVE TIME

-- STAFF TIME AND TRAVEL TO TRAINING COURSES

FREIPUBLICITY BY EES OFFICE AND INSTITUTIONAL

GROUPS..

NEW YORK -- STATE EDUCATION AND HEALTH

DEPARTMENTS PROVIDED ,

PROFESSIONAL '9TAFF FROM OTHER

AGENCIES

-- ENERGY CONSERVATION HOTLINE

0",LAKOMA -- ALL INKIND

RHODE ISLAND. -- N/A

UTAH A-- N/A STATE HAS CONTRIBUTED MONEY BEYOND THAT REQUIRES

BY PROGRAM 19s

VIRGINIA V -- CYCLE II 75% IN -KIND MATCH

'*". CYCLE ALL CASH MATCH

N/A NOT AVAILABLE AT TA* OF SEC INTERVIEW

ti
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TABLE A.2 BAC.KGROUNDAND FINANCIAL' DATA ON
10 SAMPLED STATES' ALLOCATION OF ICP FUNDS*

so.

FL IL MN 10" NM NY OK" RI "' UTAH 14'1'

WHEN WAS STATE AUDIT PROGRAM

ESTABLISHED? 4/79.

TOTAL COST TO DATE IN ADMINISTEROG

EA PHASE OF ICPS)\ $616,644A

FEDERAL. FUNDING MATCHED- tY

STATE FOR EA PHASE OF ICP (2) 100%

: FEDERAL FUNDS ALLOCATED TO STATE

FOR EAS THAT wASNUSED (2) 39.11

: EATEDERAL FUNDS EXPENDED TO

DATE FOR ADMINISTRATIVE PURPOSES

OD 100%

Z FEDERAL FUNDS PASSED THROUGH I
TO DATE TO PAY COSTS OF 65 THEM
SELVES (2) 39.1% .

TOTAL COST TO DATE IN ADMINISTERING

TA/ECM PHASE OF ICP (S)

2 FEDERAL FUNDS PATCHED BY STATE

FOR'TA/ECM PHASE (2)

AMOUNT OF TA/ECII FUNDS EXPENDED

6/79

Si*

5/J9

$322,395

M 6/79

$125,116 -

100% 100% 100% +

4

1002 31.52 '162

29% 93.7% i 142

.. t

71% 31.5% 2%

$537,783 $707,013 $139,734 $125,552

100% 100% 1002 112%

TO/DATE FOR:

A. STATE STAFF (5) $537,783 $441,959 $ 48,907 $ 4,000 +

B. TRAINING (S) -0 S 75,000 - $ 6,987 4'
$ 3,000 +

Ca PROGRAM REVIEW AND EVALUA

TION
$ 83,340 $ 33,0*0 +

AVERAGE # STATE STAFF ASSIGNED TO

ICP
3 4.5 21

1
5 3 25 2 3,5 2.25. 5

A

AVERAGE # OF CONTRACT PERSONNOL

(IF KNOWN) 18 SOME

I

1 13 STATE FUNDED AND 8 FEDERAL FUNDED.

DATA NOT AVAILABLE AT TIME OF SEO INTERVIEW.

49,,
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The TA/ECM funding process begins with DOEs all-ocation of fupds on a

State-by-State basis. . SEOs then solicit, eval uate, and rank appl ications

institutions. Recamendativs for funding' are then sent fo' reviewikto Q0E
Regional offices.' Approved applications _could be awarded a grant for 50% of
the cost' of 'the proposed project. The other 50%, trail to . 'be paid by the

institution, excOpt in hardship cases (see below). , Each State is responsible

for grant administration and for monitoring implementation of funded
.ities: SEOs are allowed to apply for up. to 5%, of the total TA and ECM

funds awarded in each funelingecycfe fo inistrative expe!ses.

a
I

Hardship Funds

Ten percent of available funds are resejved for "hardship grants", to finan-

cially distressed institutions. Each (S to is responsible for developing, its
own formula for disbursement of hardship funds (which is included in the State
Plan), and for identifying those institutions eligible to receive incremental
funding move the 50% matching requirements. States must develop procedures
for determining what increment (1-40%) of additional funding will be given to
`institut'ions qualifying for hardship funds. These procedures are included in
the State Plans.

.

PROGRAM IMPLEMENTATION: A CAPSULE HISTORY

Figure A.1 displays the regulatory history of the

milestones achievW. I

4'

OPERATIONAL RESPONSIBILITIES OF PROGRAM PARTICIPANTS

The ICP allows a great deal -of flexibility in the local management of Program

activities. As a result, it also' requires significant labor and resource
commitments by participating parties to complete necessary paperwork anc carry
out administrative functions. The areas of responsibility for the four

parties - institutions, State energy officeSi. DOE Regional offices and DOE
Headquarters ate delineated below.

ICP and sane of the

Institutions

Ike The institutions participating in the ICP are responsible for the following
activities:

Securing matching funds.

Preparing formal applications for the TA and ECM stages of
fbe program.

Reporting on expenditures and energy consumption for up to 3
years after grant closing.
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FIGURE A.1. THE ICP: A CAPSULE HISTORY BY YEAR

ALTHOUGH NECPAAAUTHORIZED FUNDING FOR 1978, THE LII DID NOT

BECOtE EFFECTIW UNTIL THE FIFTH WEEK OF FY 1979.

FINAL RULES FOR PHASE I (PEA/EA) PUBLISHED.

FINAL RULE INITIATES PHASE 1 (PEA/EA) OF CYCLE I.

FINAL RULES PIILISHED FOR PHASE I (TA/ECM) OF CYCLE I

INCLUDING REQUIREMENTS FOR STATE PLAN.

FINAL RULE INITIATESICYCLEA OF TA/ECM GRANTS.

OF VIE $23 MILLION AVAILABLE FOR SCHOOLS AND HOSPITALS.

$18 *mos (901) WAS ANO'DED.
OF THE $7.5 MILLION AVAILABLE FOR, LOCAL GOVERNMENT MD PUBLIC

CARE INSTITUTIONS. $6.45 MILLION (88%) WAS AWARDED.

MOST OF THE STATBS PREPARED AND SUBMITTED STATE PLANS BY 12/31/79.

No TA OR ECM GRANTS OF .ANY KINd WERE COMPLETED SY THE STATES .

IN 1979. .

DOE APPROVED STATE PLANS FOR 52 OF THE 55 ELIGIBLE JURISDICTIONS

$112 MILLION AWARDED TO SCHOOLS AND HOSPITALS AND$3.3 MILLION

TO LOCAL GOVERNMENT AND PUBLIC:CARE INSTITUTIONS FOR\TAS AND ECMs.

CYCLE II OF PEA/EA BEGINS..

CYCLE II OF TA/FCM"BRANTS1EGINi.

$11 MILLION WEAE AWARDED ,FOR PEA/EA BY 6/2/80.

$109 MILLION WERE AWARDED TO INSTITUTIONS IN 54_JuNisptcpcoNs

FOR' TA/ECM BY -9/30180. ),

PROGRAM TO UPGRADE RULES AND REGULATIONS INITIATED AT DOE.

CYCIA III OF TA/ECM GRANTS BEGIN

PEA/EA NOT FUNDED BY DOE IN CY

UPGRADING OF REGULATIONS OWLET PROPOSED. AND MADE FINAL, BY

5/81. CHANGES INCLUDES. "

0

-- COST SAVINGS NOW CALCULATED AS'NET DIFFERENCE IN fUEL COSTS

, FOR COAL CONVERSION, RAW TWAN'AS RESULT ONLY Of ENERGY

SAVINGS,

' -- PAPERWORK FOR GRANTEES SIMPLIFIED,

-- GREATER FLEXIBILITY AND EFFICIENCY 41 STATE'S ALLOCATION OF A

GRANT FUNDS.*

$159 MIIIION AWARDED IN ALL FOUR CATEGORIES FOR TA/ECM DURING

CYCLE III. k''

J.
.FINAL RULE PERMITS DOE TO USE THE MOST CURRENT DATA ELEMENTS IN

THE ALLOCATION FORMULAE.

CYCLE 4V FOR TA/EC8 GRANTS BEGINS.

PEA/EA. NOT FUNDED BY DE IL -CYCLE IV.

$47.4±11.LION AWARDED IN AU. FOUR,CATEGORIES FOR TA/ECM DURING

t.

CYCLE IV.

CYCLE V FOR TA/ECM GRANTS BEGINS.

123

4/1/79

4/2/79 (TO END 9/30/79f

4/17179.

47/79 (TO END 2/1/80)

f

4/1/80 (TO END 5/50/80)

6/2/80 (TO END 9/30/80)

4/11)/81 (To END 9/25/81)

4/13/32

4/13/82 tro END 3/31/82)

'6/1/83 (TO END 8/33t33)
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Administering competitive bidding for ECM contraqs and
overseeing construction processes. .

Complying with Mavis -Bacon Act and EEO Standards, including
recordkeeping reporting, and contract monitoring.

Performin; ICP *prerequisite" (or comparable activityL
befOre proceeding to nekt-Program pbase. In the case of
independent-audits performedoutsfdrthe_ ICP, institutions
must assure that they comply with Program requirements.-

State Energy Offices

As a result o the ICP, SEOs have taken a major role in identifying. and
-addressing institutional energy conservation needs. Duties assumed by SEOs
include:'

Developing and #evising StateqPlans as needed
-Program requirements.

' 'Securing State matching funds.

Performing_day-to-dayirants management and troubleshooting,
providing a link between -DOE, and the institutions for trans-
fer of information.

to meet

Publicizing ICP activities.

Reviewin4 and ranking all
technicaT personneT and
review during application

TA/ECM applications, focusing
administrative resources on the
periods.

Providing fundraising to institutions ficr.match-
ing minds (as needed).

Monitoring TA/ECM implementation.

DOE Regional- Offices

II

Regional personnel serve as superxisors Of Program progress: they facilitate
communication between DOE and the SEOs and..between different SEDs4, oversee
Program 'expenditures, and provide technical and atninistrative assistance.
.Specific responsirlities include:

Rdiewiyapplications after they are processed by the.SE0s.

Notices of Grant Award for each grant cycle.

0

f
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A
Receiving reports from State Energy Offices.

Jo Processing payment requests and coordinating firAt.iAl

disbursements with DOE Headquarters.

Monitoring grant performiNce.

DOE Headquarters

Headquarters personnel are responsible for the following activities:

Developing and revising Program regulations.

Reviewing and approving State Plans trid revisions to State

) Plans.
6

Allocating funds to States for PEAs/EAs, and overall finan-
cial management.

Periodically reviewing Program progress. a

Performing and documenting evaluation activities.

Coonnunicating and coordinating with SEOs, and Regional
o?fices; scheduling grant cyc 'les and regulatory changes.

.06

p

e, Coordinating public iommunication efforts for the ICP on a
national level (through reports,* responses to inquiries,

etc.)0 including relations with Congress and with .national

-health and school associations.

The sequence of activities required for grab approval in various phases is

shown in Tare A.3. As can be seen, DOE delDated to the States a great deal

of control lover the program.
4 /

YARIAlIONSWITHIN THE PROGRAM

The decision to rim the ICP at the State allowed the States to custom

tailor the Program co their individual rinds.. However, the flexible nature of

the Program, coupled with the .great variety of circumstances between States,

gave rise to variations anl'inconsistencise in implementation. The fact that

some aspects (e.g., auditor training and TA reporting requirements) were open
to interpretation compounded Program variation.

Furthermore, the States, in ranking ECM applications, were given a list of

criteria to apply, but were given freedom to.assign their own weights to each.

Thus, such items as simple payback, types of energy conversions (e.g., oil to

coal), types and amounts of energy .saved; and local climate were brought to

bear in different combinations in each State.

a
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PHASE

4

L

TABLEt,3 SEQUENCE OF GRANT APPROVAL ACTIVITIES

PROCEDURE DOCUMENT GENERATED

PEA/EA 1. SEG APPLIES TO DOE FO PEA/EA FUNDING. APPLICATION

2. DOE APPROVES APPLICATION AND ALLOCATES.FUNDS.

3. INSTITUTIONS COMPLETE PEA
FORMS AND SUBMIT THEM TO SEO.

4

.1' AUDIT REPORT,

4. INSTITUTIONS REQUEST EA APPLICATIONS, COMPLETE VARIES BY STATE; MAY
THEM, AND SUBMIT THEM TO SEO. BE A-IELEPHONE CALL

5. SEQ APPROVES EA APPLICATIONS. lip

6. EA IS CONDUCTED AND AUDIT REPORT IS FILED WITH THE SEO. EA REPORT

7. SEO FILES A QUARTERLY PROGRAM PERFORMANCE REPORT AND PERFORMANCE REPORT
FONANCJAL STATEMENT WITH DOE. FINANCIAL STATEMENT

PRE-TA/ECM .1. SEQ SUBMITS ITS STATE PLARLTO DOE. *PPROVAL IS A
PREREQUISITE FOR THE TA/ECm PHASES. STATE LAN

TA 1. SEO APPLIES TO DOE FOR TA/ECM 944141sTNATtvE FUNDS. PERFORMANCE REPORT
APPLICATION

2. INSTITUTIONSSUBMIT TA APPLICATIONS TC4ESEO. TA APPLICATION
APPENDING EA REPORTS.

3. SEQ RANKS TA APPLICATI.

4. DOE APPROVES RANKING AND FUNDS TAS,

5. WHILE TAs ARE BEING CONDUCTED, INSTITUTIONS ADVISE
SEQ OF PROGRESS. ,

L

6. WHEN TA IS COMPLETE, INSTITUTIONS FILE FINALITA
REPORTS.VITH SEO.

S

SEMIANNUAL
STATUS REPORTS

FINAL TA REPORT

ECM 1. INSTITUTIONS APPLY TO SEQ FOR ECMs. ECM APPLICATION

0 2. SEO RANKS THE ECM PROPOSALS.

3. DOE APPROVES RANKING AND FUNDS ECMS.

4. DURING a IMPLEMENTATION; INSTITUTIONS ADVISE SEQ
OP PROGRESS.

5. WHEN cps ARE COMPLETE, INSTITUTIONS O'FINAL REPORTS
WITH 40$

SEMIANNUAL
STATUS REPORT

FINAL ECM REPORT

6.

iNSTIfUTIONS'FILE ANNUAL REPORTS ON ECM WITH SE() FOR
YEARS FOLLOWING COMPLETION. ANNUAL REPORTS

7. SEQ SUBMITS SEMIANNUAL DEPORTS TO DOE FROM DATE
OF STATE PLAN APPROVAL TO END PF THE PROGRAM. STATE STATUS REPORTS

126
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Other .circumstances leading to program variability were:

Size. and Financial Capacity of the State Government--
Smaller,' less populous -States had fewer funds for
publ ic i zing , training, information programs t, responding,
etc. They also could spare fewer personnel to attend to the
program.

i1 - Energy needs and equipment vary across the country.

1

*Quality "Control" ProceduresScow States built more of
these into their programs "(e.g., in their specification's for
EA forms, the type of TA review performed, etc.).

a

Interest in Renewable Resources- -Some States were more
enthusiastic about solar and renewab'he resources than
others.

Ranking Metbods--Ranking procedures and formulae varied.

Labor and Equipment Committed --Effprts toward data
collection were different in diff*ent States, as were
monitoring and evaluation activities.

Affiliation of. SE0s--The SEOs were associated withaefferent
governmenfal agencies- (e.g., governor's office, Partment
of Resources, Office of Emergency 'Planning, Department of

. Energy).

In addition, Afferent types of institutions varied in their needs
and approach to participation in the ICP:

BLIdget Cycles--Progrem scheduling was a major barrier to
participation for sane institutions, which needed lead time
to raise matching funds.

Financial Capacity - -Many` institutions had to divert funds to
the ICP- frau other uses. Same used funds fran other vital
areas, others dropped out.

Ackninistrative Capacity--Institutional administrative re-
sources were scarce for applying, reporting, managing
capital improvements, etc.

Bui I ding/Foci 1 ity UsesHospital s 9 schools, etc. operate
differently, occupy different types of . spaces, and have
different occupancy ottterns.

Retulatori and Political Pressures-Each type of institution
fncluded in this program is regulated in a different manner
in relation to allowable expenditures, 'building and life
safety codes, etc.
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Ln spite of these Program variations and theN usual start-up and execution
problems of any Federal effort of this magnitude, the ICP has been eery well
received and is generally acknowledged to be a successful energy conservation
effort.

HISTORY .OF THE EVALLIATION EFFORTi
In the, fall of 1979, The Synectics Group, Inc. (TSG) was reque ed by ICP
staff at DOE headquarters to prepare a Preliminary ICP Evaluation Plan. The

central focus of this preliminary plan was the process by which overall
Program objectives could be crearly defined, and appropriatk corresponding
performance measures characterized. This definition of objectives,
performance measures, and related data sources was to be accomplished through
informal interviews with ICP managers, energy conservation specialists, and
offictials familiar with either the early development of the ICP or the
administrative and financial requirefnents of eligible institution types (i.e.
nonprofit schools, hospitals, local governments, and public care facilitie
The preliminary plan assumed the ICP evaluation would focus on all' four
Program phases (PEA, EA, TA, and ECM). simultaneously.

During the fall and winter of 1980-1981, TSG evaluators conducted a number of
interviews with relevant specialists and officlals concerned with the ICP.
this activity included attendance at the All States Conference held in
NAshville, Tennessee (November 1980) and a meeting of DOE regional officials
held later that year During these meetings attending officials were briefed
on the scope. of the Preliminary ICP Evaluation Plan and inforinal discussions'
related to Program goals, information sources and major evaluation issues were
held.

At the All States Conference, a short survey was conducted of State Energy
Office (SEO) officials -attending the evaluation workshop. Program objectives
that had been defined during previous interviews with officials in Washington,
D.C. were "tested," and lists of major problems and benefits associated with
implementation of the ICP were generated. 'Mete comments were used in
refining the material that had been included in the Preliminary ICP Evaluation
Plan and in developing draft survey questionnaire.outlines.

TSG and DOE staff then." conducted preliminary interviews . at four State and
Regional offices and visited. several institutional patticipants chosen by
Statkofficials. Thdse preliminary field visits al'owed evaluators to see the
ICP in action at a local level and to verify the general evaluation
methodology that had been selected.

Restrictions in Program funding and concurrent reductions in available funds
for evaluation activities caused DOE to revise its original intention to
evaluate the four program phases septrately. As a result, in October 1981,
Opportunity Systems Inc. (05I) , assisted try TSG, was employed to redesign and

a-implement the evaluation of the first two grant cycles. A general chronology
of evaluation activities is provided in Table A.4. i

4

$

I



ACTIVITIES AND PARTICIPANTS.

EVALUATION STARTUP

STATE AND REGIONAL ADMINISTRATIVE PROCESS

INTERVIEWS COMPLETED (OSI/TSG/DOE)

PRETEST OF SURVEY INSTRUMENTS AND TELEPHONE
SURVEY.PLAN COMPLETED (OSI)

DATA COLLECTION ACTIVITIES AT SEOs COMPLETED

(OSI/TSG)

\7

FINAL OMB APPROVAL OF SURVEY INSTRUMENTS AND

SAMPLING PLAN

DATE

1OCTOBER 1981

' MARCH 1982

MARCH 1982

APRiL 1982''

APRIL 11382

7 1

PRETEST `O1 SITE VISIT" SURVEY PLAN IN MISSOURI (TSG) MAY 1982

ICP INTERIM REPORT SUBMITTED TO DOE

TELEPHONE INTERVIEWS COMPLETED (OSI)

SITE VISITS COMPLETED (TSG)

TELEPHONE SURVEY ANALYSIS SUBMITTED TO DOE (OSI)

FOLLOW -UP SITE INVESTIGATIONS CONDUCTED (TSG)

FINAL SITE VISIT SURVEY REPORT SUBMITTED TO DOE (TSG)

OCTOBER 1982

NOVEMBER 1 2

DECEMBER 1982

MARCH 1983

MARCH 1983

APRIL 1983
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OVERVIEW

APPENDIX B: SITE VISIT EVALUATION METHODOLOGY

This chapter presents thee. details of each activity in the site visit %
evaluation plan. The following basic topics as discussed:

Survey Design (
Questionnaires

Initial Data Gathering

Computerization and Storage of Site Visit oat!..."

Data Gathering at Institution

Analytical Approach to Site Visit Data
stt

Practical Problems and Plans for Resolution.

SLRVEY DESIGN*

The survey design for the TA/ECM phas'e of the ICP evaluation is an extension
and' modification of that designed for the EPphase, and is conprehensible only
at an intgOal part of the entire ICP evaluation,. It is presented here in
that contebit:

Target Population'
U

The target` population of the evaluation varies with the objectives of its
different phases. Far the evaluation of the administration of the ICP-, the
target population is the set of State and 'Tfirritory energy office
adninistrators. For the EA audit evaluation, the tatget population is
comprised of four types of institutions (schools, hbspitals, local government
buildings, and public care buildings) participating in the energy audit
program. For the ECM evaluation, the target population is comprised of
schools and hospitalg that participated in this phase of the program during
Cycles and II.

The statistical approach was designed by Joseph Steinberg of Survey Design,
Inc . , consultant to Opportunity Systems, Inc .

130
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4
Sample Frame"

The frame for the evaluation of overall Program administration and

implementation, and for the first stage of sampling for the other evaluation
activities is comprised of States (49, excluding Nevada), the District of
Columbia, and Territories .(4, Puerto Rico, Guam, the Virgin Islands, and

Anerican4Samoa).

The frame for the EA evaluation consisted of the actual EA forms on file at
the State Energy Offices. By DOE count,' there were 70,512 units in the frame
(57,311 schools, 4,023 hospitals, 6,648 local _government buildings, 2,488
public care buildings, and 49 energy audits that were not classified) as of
September 30, 1981. The frame for the ECM evaluatibn consisted of completed
ECM grants. M of September 30, 1981, there were 8,112 funded;- 1,012 were
estimated to have been dompleted.'

Sample Design

In this section, the design considerations corresponding to each evaluation
objective are discussed separately.

Evaluation of Alministrattgn

All States
order to
intery Jews
the sample
bai ance.

and Territories are included to serve this objective. 'However, in
secure the maximum benefit for the available budget, personal
were planned ip only 10 (instead of 54) sample States included in
for the EA and ECM evaluation, and telephone interviews for the

EA Evaluation e

The objective of separate estimates for etch of the four institution types
(i.e., schools, hospitals, local goverment, and public care institutions) was
a major element in the sample design decision process. Because the frame,gf
EA forms for second stage sampling is available only on a State-by-State basis
and reqyires considerable manual processing in some States (or is accessible
through computers in iothers), each State or Territory needed to be a primary
sampling unit (PSU), if an optimum probability sample design was to be used.
Important factors affecting the sample design decision process include the
,cost associated with: each stage of sampling, 'securing the sample frame and
the sample of forms, telephone interviewing for, certain types of data or site
visits for other types' of data,. processing and tabulating estimates and

estimates of sampli varia4ility.

Preliminary analysis of th6 joint requirem;nts for specified precision for
each of the four types of institutions with:0-4*..jvatlable budget resulted n

an understanding that a carrion sample of PSUI---bould be used for the
theof the required objectives. Further, t sane sample of PSUS was

also to comprise the first stage sample for the ECM evaluation.
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Sampl ing Units

The universe of first stage sampling units is comprised of the 54 States and
Territories involved in the EA program. The universe of second stage sampling
units is comprised of the institutions, by type, that participated in the EA
program for the first two funding cycles of the ICP if each of the PSUs. As
discussed further below, the sample for first stage units was established as
10 PSUs. Within each of these, the four, specified institution !types were

isampled to prov ide a probability sample for the establishment df baseline
information, as well as for the telephone interview and site visit phases of
the evaluation.

Stratification

Preliminary analysis determined that a sample of 10 PSUs would *compromise the
first stage sample units. Further, the need to satisfy precision goals that
were to permit useful analysis required that the character ofthe distribution'
of second stage units by first stage units be taken into account. Examination
of the records of these distributions, both by institution type and- ECM
funding status, showed that a relatively small number of States accqunted for
a substantial proportion of each of the five subpopulations. However, since
there were five target groups and only 10 sample PSUs possible, the State in
each qf the target groups was designated as a certainty PSU. Five States were
designated as certainty PSUs: taw York, Illinois, Minnesota, Oklahana,. and
Virginia. The balance of the PSUs (49) were then grouped into strata, taking
into account the DOE Region, the likely average heating and cooling
requirement characteristics of Regions and the aggregate measurek of size of
each PSU (sunned over the four institution types). Each !tratun had
approximately the same aggregate measure of size, within the constraint that
PSUs should be formed by grouping the 10 DOE Regions.

The five strata which comprised the PSUs (except for the fire certainty
in the regions are as follows:

Stratum DOE Regions
a

6 I, II, III
7

8

9

10

IV

v, vri
VI

VIII, IX, X

As is discussed more fully below, the selection of sample PSUs in each of
these non-self-representing strata was with probability proportionate to
aggregate measures of size (PPS); with independent selection in each stratum.

4.0\
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Sample Size

The prop9sed sample sizes for the four types of institutions. to be used in the
telephone interview phase were determined so that' the estimated coefficient of
variation would be 'approximately 0.9 for a proportion type characteristic
where the proportion, is 0.5. The estimated sample sizes were established as
575 for schools, 500 for hospitals,. 500 for local government cases, and 425
for publ is care case. For the site visits, proportional sample sizes were
designed. The likely variance design effects of the stratification and

selection stages were taken into account in estimating sample sizes, as well
as the effects of the finite multipliers for the Aistitution typei where
sample size was a material fraction of the universe.

Allocation iff Saw Size,

The overall sample for each phase for each type of institution was allocated
to strata (and sample s) proportionately to the overall nfilasure of size.
The effects of a ratio estimate fActbr were reflected back into the
allocation.

In general, an overall sampling rate was established for each type of
institution and for each tthase: the sample size divided by the population,
size. In the PPS sampling, a probability of selection for the set of PSUs in
the sample was established: for the certainty PSUs, the probability is one;
for the other five PSUs in the sample, the probability is the PSU measure of
size divided by the stratum measure of, size. The within sampling rate, in

general , was estabished so that the product of the within sampling rates -knd
the PSU probability of selection was the overall sampling rate. Where the .PSU
probability of selection was`liess than the overall sampling rate, cases jn the
institution type in the sample PSU are included (with a separate weight' ; then

the difference in the sample take was reallocated to the other PSUs in
proportion to the overall measures of the strata. The estimates of units for
an institution type were used as the denominator for estimating a ratio
estimate factor, with the known universe total being the numerator. The

effects of the ratio estimate factors were reflected back into the sampling
rates to reduce the variability of th.1 weighting.

Sample Selection Process

The first stage P.SUs were selected with probability proportionatp to the
overall measure of sizbe (the aggregate nuttier of env* audits in the PSU).
lethin the sample PSUs, the EA cases were classified by institution type and a
systematic sample was selected. A random start was used in drawing the sample

and the within sampl ing rates were used as the sampl-ing intervals.

ECM Evaluation: Site Visit Sample tr.

The sample design for this activity parallels that for the EA audit
evaluation. The first stage PSUs used for this activity were identical with
those selected for the EA evaluation described in the previous section.
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The universe counts of completed cases in the ELM program for the 10 s'ample
sites was approximately 400./ Of these, 150 were selected for site visits
using exactly the same approaches as for the EA evaluation (use of within PSU
sampling rates to achieve the goal of having the product of these rates and
the PSU selection probability a constant, where feasible). Institutions that
were large in size (250,000 sq. ft. or more) or had a large grant mount
($200,000 or more) were included with certainty.

In each of the 10 sample States, the remaining cases 'were stratified according,.
to the following institutional characteristics: 6

factor Level

Size

Grant Pi110 unt

Institution Type

1. Less or equal to 37,500 sq. ft.
2. Greater than 37,500 sq. ft.

.1. Less than or equal to $50:000
2. Greater than 450,000

1. Elementary or secondary school
2. University
3. Hospital

ECM Type(s) s ) 1. Building envelope (E)
2. Mechanical (M)
3. Lighting (L)
4. Spec ial (S )

5. E M

6. E L

7. E + S
8. -M L
9. M + S

10. L + S
11. E + M + L
12. E + M + S
13. E + L + S
14. M + L + S
15. -E+M+L+S

The methoii of
selection do
selection was
factors/ levels .

probability selection used was an approximation to controlled
the basis of these factors/levels. This ensured that sample
proportionate to the distribution for each characteristic by

See M. H. Hansen, W. N. Hurwitz, and W. G. Maslow (1953Y SamRle Survey Methods4
and Theory, Vol. t, pp. 476-80. New York: Wiley.
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Estimation Procedures

The estimation procedures fcil lowed made use of information on the probability
of selection of each sample unit, the number and characteristics of
non-response units, and tne merger of original sample units. The estimates of
sampling variability will be based on standard estimators 4applicable to the
samp) ing and estimation procedures.

Base Weights

The base weight for each sampl ing unit is the product of the reciprocal of its
PSU's probability of selection and the reciprocal of its within PSU
probability of selection.

Non-Response AdStistment Procedures
,

The characteristics of the responding .units and non- responding
determined from the TA reports and ECM app."! ications. Non-response
were calculated within cells based on unit characteristics. The

used the base-weighted data for the responding and non-responding
factory in each group being the ratio for all units to that for
units.

units were
adjustments
adjustments
units, the
respond ing

Merger of Sampl ing Unit

During the data collection and analysis aprocess, the previously defined
sampling unit occasionally was expanded. This typically occurred when the

fuel data associated with the original sampling unit was found to be

inextricably combined with other members of the sampling frame as, for
example, when the fuel consumption data for one building in a complex was only
available indirectly as part of the entire complex's energy records. For such

cases two weights were calculated: the weight representing the probability of
its selection after adjustment for non-response factors, and a second weight
reflecting the increased likelihood of this expanded unit being selected

within its *PSU. The latter weight is used for estimates of magnitude
variables (e.g., changes in fuel consumption); the former is applied when

estimates of population (e.g., number of ECMs affecting lighting systems)
units are desired.

Estimates

Survey estimates are based on resriltS for responding units where each unit has

a defined weight: the weight in each case is a product of the base weight and

,the non-response adj'ustment factOr. The weigAted fesponding units are the
entities that are used for deriving estimates of aggregates, cross-classified
by analytic variables, aggregates, etc.
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Estimation of Precision

For the. weighted sample ,of ECM grantees, estimates of precision were
calculated for three estimates of aggregates:--base year total energy
consumption, latest year energy consumption, and the difference between base
and latest year total energy consumption- -and for the ratio of the difference
in total energy consumption to base year total consumption (i.e., percent
energy saved). The 90% confidence limits for these four estimates are:

ib

90% Confidehce Internal*

Estimated Variable Lower Limit Estimate Upper Limited

(1) Base Year Total
Energy Consumption 14,914,452 39,143;492 63,372,532

(2) Latest Year al
Energy Consunption 11,597,000 (331,973,839 56,350,678

(3 ). Di fference Between
Base Year and
Latest Yea 8513,585 5,169,653 7,488,721

(4) Percent Energy Saved
,

9.30% 13.21% 17.11%

As shown above, the. 90% confidence intervals for;,- the three aggregate energy
figiires are fairly wide, reflectipg in part the relatively small sample size.
However, the 90% confidence interval for percent energy saved is much
narrower, indicating that the sample was sufficient to permit a precise
estimate of the relative energy savings attributable to the .ICP.

4In mill ions of BTUs.
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t, QUESTIONNAIRES

Two. basic survey instrunents were designed and presented by DOE for OMB
approval:

Energy, Audit Output Survey (EAOS) for use
4 follow-up data from EA institutions

in obtaining

rECM.Survey (ECMS) . for use in obtaining updated
energy use infomation from ECM institUtiogs.

cost and

Both EAOS and ECMS were designed to bd used either in a telephone interview or
a site visit-: The.site visit questionnaires, however, contain an additional
component: a telk-through verification of reported energy conservation
practices,-"aand an assessment by the site-visit team concerning the
appropriateness and. the quality of ECM installation and maintenance. Pretest
results demonstrated that, with minor modifications, the EAOS cold be used
4uccessfully to gather the requisite data by telephone; it was also used Jo

the field. The ECMS was developed to collect data concerning the impact of
ECM installation on the energy usage of grantee ,institutions and their
experience with DOE grant adninistratkvn and was used ultimately as a site-
visit instrunent only. I
At the conclusion of the EAOS pretest, the
statement were resubmitted to DOE... After
submitted for OMB approval, fibtifIcation of
April I, 1982.

instrunents and ,.a supporting
EIA review, the package was
thil approval was received on

INITIAL DATA GATHERING es

Initial data gathering involved (1) interviewim DOE Regional offices and

State energy ff es (SEOs) for administrative information and a sense of,.
Program perfo ce and (2) simultaneous microfilming of thenfocunentation -for
all ICP phases which selected institutions had participated. These two
operations are discussed in t sections, that follow. 4

State and Regional Intervievg

Objettives and Procedures

Before the survey instrunents were made
and officials from DOE Head quarters
briefings of Regional offices and SEOs
Program in the 10 sampled States.

final, members of the etaluation teams
conducted combined interviews and

involved in the administration of the

The purpose of the State administrative process interview (API) was not only
to gather 'specific historical information on the intplementation of the ICP,

alsi, to ,get feedback from SEC personnel on the major successes and

problems associated with the Program.
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The interview sessions served several objectives:

To brief State and Regional officials on the content and
schedule of the ICP evaluation activities.

a

To solicit administrative support for the ICP evaltation
from various parties. r ,

/
To provide 04 Headquarters with an administrative history
of the first, two grant cycles of the ICP.

In thy case of* Regional :interyiews, to
achninistrative or technical approaches and
experiences in each of the 10 sampled States in c
to other States within each Region.

To verify that the basic evaluation desig1 4s practicable
in each State.

a To understand the viewpoints, needs, and administr:ative
concerns of Program officials at the local level.

To ascertain local variations in Program administration
that could affect the results of telephone and field visit
surveys° of institutions participating in the EA and ECM
phases of the ICP. ,

discuss;
,program

amparison

To provide a basis for later correlation between State
decisions and actions, and the iharacter and effectiveness
of work performed at the institutional level.

To evaluate the comparative effectiveness of different
administrative and technical approaches taken in SEOs to
training energy auditors and TA analysts.

To evaluate the impact of different ranking formulas and
regulations used by SEOs.

The following procedures were followed for contacting State an g Regional
interviewees and initiating data collection activities.

00E Letter to State and Regional Offices--This initial
letter sent by Oaf Aeadquarters to the . ten State and eight
Regional offices served. a an introduction to the ICP
evaluation. Included in the letter was a brief statement on
the selection process of States, and procedures and
preliminai'y schedules for data collection activities.

1

4/^

OSI Letter to State Offices--A letter was sent to each of
the ten State lifffces introducing the .ciSI/jSG evaluation
team and outlining details for interviews and dap
collection.
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OSI/TSG Telephone Contact to SEOs- -Each SEO %r contacted to
arrange an interview date. Also duringr, this telephone
contact, the evaluation team collected preliminary
information on the status of State files in preparation for
data collection activities,.,- Information included: total
ntinber of EA, TA, and completed ECM files; filing system, and
accessibility of files; and degree and type of automated
data files, if appropriate. Aft

State and Regional Interviews - -The State and Regional
interview teams arranged travel geographically, and arranged
to meet with Regional support personnel prior to visiting
State Offices. The average time spent with administrative
pertonnd14 was 3 td 4 hours.

Data Collection--The OSI/TSG data collection team arranged
its schedule concurrent with the State and Regional
interview twos, when possible. .However, data collection
efforts required an average of 3 to 5 days on-site to pull
the sample from the files, microfilm doctanerwts, and restore
the office's original filing system.

Type of Information Solicited

Three majqr categories _of
infcrrmation Ure incl-uded in the State API:

I. Resources and Organization

SE0 Staffing (lumber of personnel assigned to ICP,
special training invoivai, contractors used)

AchninistratiVe Costs (total ICP-related costs, deployment
of Federal* funds, source and type of matching funds,
publicizing the Program)

Impacts of Other State Energy Conservation Programs

.Management Policies and Procedures

EA Phase (all aspects of auditor training)

TA Phase (trains qg and/or qualificatiohs of analysts,
guidance for 1A4...-"Ilhanking criteria used on TA

apps ications)

Documentation (report design, treatment of grant
applications, documentation of participation, quality
control)



I

Monitoring Activities (types, findings follow-up
activities)

Implementation of ICP (problems and sollitions)

General ICP Experience

Successes and Arlilures concerning institutional
participation, and penetration rates of ICP activities

Any financial, political, or administrative barriers Ut
participation experienced by eligible institutions

Microfileing

Baseline information was collected from the records of SEOs in the in
stage of the data collection process. An OSI/TSG data collection team
microfilmed a sVratified random sample of EA forms and accompanying
information (e.g., correspondence), using a .randan starting point and a

defined sampling i terval within each institution type.* The EA and TA

reports and the E grant,applicaticc were microfilmed for each canpieted ECM
case. mere they we ail abl e, the PEA reports also were copied.

DATA 4ATHERING AT INSTITUTIONS

The sections that follow briefly describe the procedures used to collect EAOS
and ECMS data during site visits, and the activities undertaken in preparation
for site visits. The procedures used to .collect tel survey data are
found in OSI's report, Institutional Conservation4Program: Analysis of the
Impact of the Energy Audit on Selected Institutions.

Conducting Site Visits .

Objectives

Data from visits to 136 evaluation sites--24 EA only and 112 completed ECMs-
-are included in the evaluation. The objectives of the site-visit component
of -the evaluation effort tre:

*This systematic 'sampling revealed some inaccuracies in the estimates of
total ICP population available for inclusion in the evaluation.. In one SEO,
sampling intervals had to be halved in order to gather a suitable number of
records.

**Reduced from an original 188 due to various problems: see. Chapter 2.
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To verify X.) fuel savings and (2) continuance of O&M

procedures;

To gather information on (1) costs and savings associated
with specific Types of ECMs and rpecific types of
institutions, (2) 'technical successes and difficulties
associated with specific ECMs, and (3) administrative
processes related to Program implementation;

To determine (1) the extent to which institutions were

involved in energy conservation prior to the ICP, (2) what
additional energy conserving ,activities could be done, and

(3) secondary impacts of program participation on individual
institutions and local communities.

Site Visit Orgwization

The order of States visited was arbitrary and has impact on evaluation
findings. Site visits were scheduled geographically within each State,
generally allowing -fre 1431 f day per institution, including travel time. Actual
time spent at an institution was approximatVy 2 hours. The following
procedures were used for contacting institutions anti setting up' site visits.

5E0 Contact Call--SEOs were informed by phone of the
instityiions to be visited and the tentative site visit
schedule. The SEO's level of participation in planning and
executing site visits (e.g., introductory contact to
institutions, scheduling r site visits, or accompanying the
evaluation team to institutions) was determined.

Follow-up Letter - -A letter was isent to the SE° requesting
verification of institutional data such ss contact person,.
grant award amount, total project* cost, and installed ECMs.

Copies of correspondence also were forwarded to DOE Regip.nal,...,
support offices.

In itutional Contact CallThis first connunication with an
n u on s con ac described the overall evaluation

pl as well as the types of information sought during the

sit- visit. The visit was scheduled anti arrangements were
made . other involved parties (e.g., the TA analyst, the
buildi engineer, and/or maintenance personnel) to be
present during the site visit.
Follow-up letter, Institutions - -This lett onfirsied the
arrangemenfs made for the site visit, outlined the specific
types of questions to be asked during the interview, and
enclosed fuel consumption data charts that were to be

completed prior to the site visit.
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In the earl y7 site visits, respondents were asked by
telephone and letter contact to provide post-EA energy
consumption data for delivery at the time of the vi t.
This procedure was subsequently revised to request that
be mailed prior to the visit. By pre-visit analysis of su h
data along with the EA and TA sources of energy data it
became pose to Identify any need for special probing
during the isit. In particular, institutions that
disclosed they particularly high or low consumption
changes were flagged for more in-depth questioning to
confirm this apparent result end to discover its cause. In
many cases this allowed errors in data to be resolved and/or
provided an opportunity for the respondent to become° Involved 4IM seeing, sometimes for the first time,.what the
rend had been during the recent past. .

Pre-Travel SEO. Contact--SEOs were called after all site
visits in the State had been confirmed to coordinate travel
arrangements in those States that wished to have.- SEO
personnel accompany the evaluation team. All SEOs were_ sent
copies of site visit schedules regirdless of their,
participation, as well as copies of the survey instruments
that were adninisteried. This enabled the SEO to answer any
questions posed by sampled institutions.

CM-Site Procedure

Site visits were conducted by a,two-person TSG evaluation teen composed of an
engineer to analyze the technital energy conservation applications in an
institution, and a program specialist to review the qualitative
acininistrative process details of program participation. In sane Statesrthe,
team was accompanied by a representative from the SEO. On a few visits a DOE
representative was Ms° in attendance.

The institutions that had participated only in the EA phase of ICP were
aduinistered EAOS; the institutions that had completed ECMS were adninistered
both EAOS and EC/41S. Regardless of the instruments used, every site visit had
two canponet-7131 , an interview and a building walkthrough. Each generated a
different kind of information:

Administrative Interview- Administrative processes and grant
procedures, energy conorvation activities and attitudes of
building' occupants, veeification of fuel consumption data,
schedules and cost modifications of grants, secondary
impacts of ICP participation (Cu. energy conservation
spinoffs within or outside the institution), and general
attitudes about each phase of ICP participation

a Building Walkthrough--Verification of O&Ms and ECMs,
problem-(*icountered with installation and operation of O&Ms
and ECMs, interface of Ms and ECMs with other building
systems, Aotential for additional O&M and/or ECM efforts.



TF interview process generally required about one hour of questioknswer and
discussion plus another hour of facility walkthrough with further discussion.
The sequence of these activities was kept flexible to best fit the varied
circumstances encountered, In most instances the respondent was first met in
his/her office and the walkthrough was conducted last. Many respondents had

invited additional staff members and/or the auditor, or technical analyst to be
present. Although a larger nutter of persons in attendance usually tended to

extend the interview, the quality and quantity of available information also
Seemed to improve.

Use of the formal questionnaire was not allowed to structure the interview in
such a way, as to limit the range of topics and constructive comments that the

respondent wished to address. By using the questionnagire to assure discussion
of at least the formal questions, the group was allowed to cover additiooal
matters as it blished and thus voltmtarily contribute to the depth and value of
the interview. This was vital in certain cases. For example, the random

selection process for choosing' site visits sometimes selected only one

building out of a group Or complex of buildings which the responcient had dealt

with collectively. In such cases the respondent was not always 11 equippW

to isolate his contents to that particular building, but ,rather was better
able to discuss the overall progrmn and process from his larger viewpoint.

14)

Where the interview team's pre-visit study had established the similarities
(and diffei-ences) of the selected building with the complex of buildings, the
respondent was fwee to convey more useful information than had he been forced

to limit discussion to only the specifics of the selected building..

Site Visits: Preparatory Activities

Focus ol.Teparation

-Alike evaluation team deemed it highly desirable to have obtained maximum
insight into the facility and its history ,before executing the site visit. In

preparation fpr each visit, team members reviewed the institution's ICP

documents for 'the following info9ration:
ti

The pre -ICP conservation improvements undertaken with other
unding

o
energy consumption of the facility and the

t f fuels involved 01

Some approximate indication of conservation potential
derived from an awareness of the age of the spuctures,
types of materials, general configuration, orientation, and
type and hourly schedule of facility use. Additional
information on existing mechanical equipment" and contoel

systems provided thebalance of a minimun store of knowledge

about the facility to be visited.

The O&M procedures recommended for incorporation at the time
of the EA
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*The CMs recommended for lamentation, as well
prof ted costs tod simple payback estimates

The general quality ,of the TA and the EA in
determine whether ( thorough,_ accurate, and
analysis was available to the institution.

The TA Review

as their

order to
compl ete

This pre-visit analysis constituted a- "TA Revievi,n Once a TA; report was
always associated with a completed ECM institution and was always examined.
However, the pre-visit' review ()nen entailed much more :, a look at the
institution's EA report, correspondence,,Ind ECM grant appl ication, for
example. (Of course, EA-only institutions had limited documentation, and pre-\
visit analysis was less comple for them.).

The TA Review enabled the site-visit team to conduct a more productive
interview. The limited time available at the site (and the desire to keep the
respondent burden to a minimum) dictated that as many questions as possible be
resolved by study prior to travel. FurtheraM it was flattering to they
responcient that the evaluators were interested enough to have acquaintet1,
themselves with his or her facility. Frequently, this produced more
enthusiasm on the respondents' part and led to a freer exchange of useful
information.

V
The task of reviewing the microfilmed ICP docunentation varied considerably
for several reasons. Generally the 'size of the task was proportional to the

...cavnpi ex ity and square_..loatage-of the facility , -but it al so-deptended---------
significantly on the methods used by the particular technical analyst. There
was a wide range of detail provided in the TA reports and the formats used
were as numerous as the analysts involved. Particular attention was given to
noting th'e kinds of ECMs selected for study in the TAs and reviewing the
engineering calculations that supported sulanalysis. In sane cases, the
calculations were nonexistent because a pac ged computer program had been
used by the analyst. In such cases even the inputs to the computer program
mere' frequently dit(icult to identify and only comPuter answers were shown.
In cases where manual calculations were sholn, it was often difficult to
explore them due to the lack of explanation of the underlying- assumptions that'
led to the use of a particular path of reasoning. Obvious mathematkal errors
were noted. Otherwise, questions were retied in an effort to aclieve
understanding. .

Follow-Up Site Visits

The purpose of foilow-u site visits was to determine the causes of apparent
increases in energy consumption at selected institutions. Identification of
sites in this population were determined by thoroughly 'reviewing both
canptiterizei and field data to correct data errors. Data was thtn analyzed to
determine if energy use increases were due to factors such as, chaiRges in
weather, building square fkotage; utilization, and/or energy metering.
Additional review by the evalution team'V engineer was conducted to determine
whether the technical characteristics of the building and its energy
conseryation activities warranted the original savings projections. A limited
number of sites then were telected for in-depth technical on-site review.

144

4

4,



/

Procedures for conducting the follow-up site visits paralleled 'the procedures
des tribal earlier for ECM site visits.

COI4PUTERIZATION AND STOWAGE OF SITE VISIT OATA

Site Visit Data I'.

Three principal kinds of dit were brought back frail the field: "checklist"
data, energy use data, .a OMB survey instrunerft data. All data were
automated.

'Checklist Data

following each site visit, the TSG evaluators completed a
"checklist," which is a sunmatly reconi of their findings and impressions at
each institution. The information recorded

was nott_meant to be strictly objective and itative. It was
intended to record their expert judgment on the factorni4laappeared to be
contributing to the success or failure of the ICP's implemerrtativ at that
site. By correlating these impr sions with the actual, energy savings at the
institutions, the evaluation sta was able to gain insight into these

',critical success factors so that DOE and the States can comunicate them to

all institutions .

Energy Use Data '4'

.1-he site visit team sought energy us-e-14a for at least pne year preceding ICP
implementation (i.e., the EA date) and one year following the latest ICP phase
(either EA date, TA date, or ECM opet4ational date) at each institution. The

raw data (gallons of fuel oil, cubic feet of natural gas, tons of coal, etc.)
were recorded. The data are organized pto two periods:.

Base Year, a period preceding the EA date

Lat ?st Year, a period following ECM implementation.

Where a full year of data after ECM implenentatiog was not available, the

per were adjusted to provide for comparison of 1 Tke periods.

Other Survey Instrument Data

'EAOS and ECMS collected not only clergy use information, but also the
quantifiable responses to many other qtestions eabout Program esul ts. The

EAOS and the EMS responses, were incorpofated into the site visit data base at
tSG.
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ANALYTICAL TO SITE VISIT 'DATA

The ultimate goal of the IC IC evaluation's analytical effort was to determine
the energy savings impact of the program and the factors which contributed to
an institution's suqe.ssful performance. Once all data were collected for the
EA and ECM sample, they were adjusted by appropriate weighting factors so that
the final analysis reflects a representative sample of all Cycle I and II ECM
grantees whose projects were canpleted as so September 30, 1981.

Data Base Processing

The analysis consisted of the following principal procedures:
r

Raw energy data were processed for each si using VISICALC
software; this produced BT ki totals by energ type for the
base yar and latest year (see Figure 8.1 a sample
VISICALC report).

Totals for the raw energy data, along with building
characteristics, administrative and ethnical field
observations, were coded for entry into the Statistical
Analysis System (SAS) software.

SAS was used as the primary analytical tool. Three kinds of
SAS programs' were used for various parts of the analysis:

frequency distribution,
`variable

displays the number and
range of values for eacJ variable

univariate analysis, which calculates sums, means, and
other statistical features for each variable

correlation analysis, which is Jsed to calculate ann test
the significancel'of relationships between two va ables
using linear regression.

Then the SAS programs sere used to produce analyses of the
following types:

Energy and cost savings for the entire data' base;

- Correlation between' EQM cost, institution size-, energy
savings, and cost savings;

** - Energy %rid cast savings coraparisons between varirous
subgroups within the data base, including:

. ECM recipients and EA participants

. schools and hospitals

a
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. types of EC.Ms

. groups based on questionnaire responses (e.g.,
respondents answering "yes" or "no" to individusl
questions).

These analyses were conditioned by the following factors:

s Weighting factors desigt".6,01 to amplify results to represent
the original sampling universe of Cycle I and II grantees
(see Appendix B for Survey Design).

it Probability factors which determine the significance of
correlations between two variables.

Tests used to assess the significance of comparisons between
subgroups such as ECMs/EAs, schools/hospitals, questionnaire
respontses, etc.

Data generated during., the analysis fall into the three following categories:

1. Basic Energy Data 11116

1

Base Year Consumption data in million BTU, for:

electricity (source BTU conversion
electricity (site BTU conversion)
natural
oil
coal
steam
total (source BTU wnversion)
total (site BTU conversion)

Latest year consumption data, as above.

Change in energy consumption (base year minus latest
year) as above, non-weather-corrected.

Weather-corrected change in energy consumption~, as above.
is

Percentage change in ,energy consumption, as above.

Weather-corrected percentage change in energy
consumption, as above.

2. Related Energx Data

Square footage

ECM total cost

Mil 1 ion BTU saved per square foot.
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'a ECM cost per million BTU saved.

ECM cost per square fopt.

These five variables, plus total change in BTU consumption
and total percentage change in consumption, were tested for
correlation with each other.

3. Cate9OricalVata

There are three kinds of categorical variables:

Institution type (schools. and hospitals for the ECM

sample).

ECM type (15 types).

Field questionnaire responses--inNudes 56 items from MB
questionnaires and field checklist

For each of these categorical variables, TSG calculated:

14e number of institutions in each category.

Avkage percent energy sayings (weather-corrected,
non-Zorrected, Source BTU, Site BTU).

Average square footage.

Average project cost.

'Average project cost/squipe foot.

Average project coif/million BTU saved (weather-
corrected', uncorrected, Source BTU, Site BTU) .

1
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APPENDIX C

UNDERLYING FACTORS OF THE ANALYSES

Several`.assumptions, conversion practices, and data adjustments undirlie the
analyses conducted for the evaluation. these are described in detail below.

Calculation of Energy Savings

Each type of energy used in a facility was first converted to equivalent units
using the British Thermal Unit (BTU) standard. The following formulae were
used for this purpose: /

Electricity: Kilowatt hours (kWh) x 11,600 BTU/kWh = BTUs

#2 Fuel Oil: Gallons x 138,690 BTU/gallon = .BTUs

#6 Fuel Oil: Gallons x 149,690 BTU/gallon = BTUs

LPG: Gallons x 95,475 BTU/gallon = BTUs

Natural Gas: Lubic feet (CF)) x 1,030 BTU/ft3 = BTUs

Coal: Tons x 24,500,000 BTU /'ton = BTUs

Steam: Pounds x 1,390 BTU/pound = BTUs

rn order to permit proper accountingin equivalent BTUs for energy consumption
by facilities using remotely generated steam. or electricity as ,compared to
conversion on site of measured quantities of a raw fuel (e.g., fuel oil,
natural gas, coal) the following assumptions were used: .Pi*

Conversion of electricity is based 'on an average 'number of
BTUs expended at the generating plant to produce and
transmit a kilowatt hour of energy as metered at the user's
facility. This metered kilotiatt hour of electricity
provides the user with 3,413 BTUs, but it requited the
expenditure of 11,600 BTUs at the 'generating plant.

Conversion of mitered iteath includes an assumed average
efficiency for boiler conversion of raw fuel into the' steam
product. Where a specific boiler efficiency is know, a
more accurate conversion of steam to equivalent ,BTUs may be
achieved.
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Energy savings were calculated for a given facility by subtracting the total
annual BTUs consumed by that facilitp in the post-ECM period (latest year)
from its total consumption during the pre-EA period (base year).

Percentage energy saving results were determined by dividing the above
calculated BTU savings by the total BTU consumption of the base year, and
multiplying by 100:

Latest year BTUs - Base Year BTUs
Base Year BTUs

%.,&av ing

Weather Correction-

x 100

41.

Because of the limited precision of universally applicable weather correction
methods, it was decided to use original, non - corrected data as the basis for
overall evaguation. However, weather correction is used in Selected cases
where weather. correction assisted in the case analysis or elaboration of
specific points. In such cases, the correction was based simply on adjusting
the latest year (post -ECM) consumption by the ratio of the total recorded
degree-days of the base year (pre-energy audit) to that of, the latest year
(post-ECM). The simplicity of this Agmmoies many factor's but generally
provides a degree of correction to the results that is at least in the proper
direction, if not always of the precise magnitude.

Barrel of Oil Eguivalipt

Sometimes, 'total BTU savings are translated to Barrels of Oil Equivalent
(BOE). This is done for, illustrative purposes only. Actual energy .savings

included a mix of raw fuels.

Since a major goal of ICP was to reduce national oil dependence, comparison of
energy savings to BOE is useful to illustrate the hypothetical,impact on oil
usage. Within the ICP the total heating oil reductions in BTUs exceeded the
total of all BTU savings. This occurred because of the.large number of fuel
conversiohs from oil to gas which did not necessarily produce BTU savings, but
did reduce oil use. The conversion to &Cris based on the standard measure of
42 gallons of oil per barrel, with a to al content of 5.23 million BTUs per
barrel (bsed on DOE/EA published figures for consumed heating oil in the

1981-82 period).

4
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Energy Cost $4yings Calculations

Energy cost -swings were calculated on a non-discounted basis (i.e.., energy
savings in BTUs were valued at 1982' average national energy prices). These

prices were then assumed to remain constant. Increases or decreases in energy
prices, or discounting 4f future cost savings could change payback and related

financial calculations:

X

Cost Effectiveness of ICP at;ECM Institutions

Cost effectiveness of ,the ICP at ECM institutions is defined as the total

dollars spent for ECMS divided by the total savings in millions of BTUs
occuring at those institutions. This also includes savings at the ECM
institutions which resulted from 0&M actions recommended by the EA, as well as

any additional energy saving actions. However, the available energy
consumption data does no permit adequate segregation of these contributing
factors.

It is awned that the federal dollar participation in the ECM institutions
averaged 50 percent of the total dollars spent. Thus, the cost effectiveness
of federal dollars is assumld to be twice that of the 'total. project's cost -

effectiveness.
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APPENDIX

GLOSSARY

API Administrative Process Interview. This questionnaire was
administered to personnel at.State Energy Offices as a preliminary to
field and telephone work.

DOE U.S. Department 6f Energy.

EA An Energy Audit performed with ICP funds, and the second
data-gathering phase .of the program. Audits conducted, under other
programs are, referred to as energy audits, not EAs.

EAOS Energy Audit Output Survey. An OMB-approved questionnaire
administered to institutions that participated in the EA phase. EAOS
is being ministered to institutions over the telephone, and at all
site visits.

ECM Energy Conservation Measure, a major capital expenditure underwritten
by ICI: funds for the purpose of energy conservation.

ECMS Energy Cons ion Measure

ecfr
Survey. An OMB-approved questionnaire

administer institutions that have completed the ECM phase of
ICP. EMS w administered during' site visits.

HVAC ,/ Heating, ventilating and air conditioning (describes an air handling

system).

ICP Institutional Conservation Program

OSM(s) Operating and Maintenance Procedures undertaken for. the purpsoe of
energy conservation.

6

OSI Opportunity Systeis, Inc. the prime contractor for the ICP
evaluation.

PEA Preliminary Energy Audit, the first data-gathering 'phase{ of the ICP.

SEO State Energy Office. Although the names may vary, each of these
State offices is responsible for oversight of energy related
activities.

TA Technical Analysis, an assessment performed by an engineer or other
qualified professional with ICP funds for the purpose of recommending;
the best ECMs for k specific institution.

TSG The SynectiCs Group, Inc., the subcontractor for the ICP evaluation. .
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